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Electroplating Die-cast Zinc Alloys 


By E. E. Halls 


Zinc alloy die-castings are now widely used for exterior and interior components, both 

for expensive and inexpensive equipments, and in many cases they are electroplated. 

All the normal metals employed in industrial finishing shops are briefly considered in 

their application to this work, and this review of the subject shows that, despite the 

special nature of the practice of plating zinc alloy die-castings, a considerable flexibility 
is available to the practical man. 


N the technique of electroplating the variety of com- 
ponents now die-cast from zinc base alloys, there is 
nothing from the chemical or electro-chemical aspects 

which is outside the field of the industrial metal-finishing 
department of engineering factories that operate under 
simple controlled conditions. At the same time, zinc, and 
all its accepted alloys that are suitable for producing sound 
castings, occupies a position high on the electropositive 
side of the electromotive series of metals. This can be 
immediately visualised from Fig. 1, which gives the com- 
parative order in terms of single electrode potentials. In 
consequence of this, and in conjunction with the fact that 
zine is highly reactive towards both acids and alkalies, 
marked chemical action can be anticipated between the zinc 
alloys and alkaline detergents used in pre-cleaning pro- 
cesses, with acid pickles, and with many of the electrolytes 
normally used for electroplating. As a result, beyond the 
ordinary attention given in formulation of solutions, and to 
processing conditions, when dealing with the usual non- 
ferrous alloys, such as the coppers, brasses, bronzes, and 
nickels, and with the irons and steels, some additional 
consideration is enforced to prevent undesirable attack if 
proper plating is to be feasible. Fortunately, the answers 
are not complex and practical procedure not difficult, 
although well-defined courses must be followed if sound 
efficient coatings are to be secured. Actually, the problems 
encountered are closely similar to those associated with the 
aluminium series of light alloys, and these, as is now well 
known to technicians in this country, have been solved and 
placed upon an effective practical basis. Durable, neat 
and decorative electroplate coatings are therefore readily 
practicable on a commercial basis. Spoilage of close 
dimensions, and damage to screw threads should never be 
encountered, and premature blistering or flaking of coatings 
need not occur. 
Consideration of Plating Metals 

The first point to decide is, of course, the most appro- 
priate metal to electroplate upon zinc alloy coatings. All 
the normal metals of industrial finishing shops come up for 
consideration—zinc, cadmium, brass, copper, nickel, 
chromium and tin as the common ones, with perhaps lead, 
silver, gold and the precious metals for specific applications. 
All of them are employed, often a coating being chosen 
because it is the one normally employed upon other 
materials and a technique is developed to suit it to these 
newer alloys. Sometimes this is justified and successful, 
While upon other occasions it may prove a failure. The 
purpose of the plating, however, must not be relegated to 
the background, nor must it be thought that an electroplate 
finish is always necessary. In numerous cases “ bare ” 
castings are employed both justifiably and successfully. 
These include internal fitments, such as those that go behind 
the dashboards or under the bonnets of automobiles, and 


miscellaneous components for electrical and automatic 
equipments. In others, a paint or enamel finish is more 
apt, in order to line up with the major finish on the unit 
to which attached, or because of the 


2.0 
size of the article. But electroplating 
r claims a wide field. It is used for 
decorative as well as protective purposes, 
but additionally may solely be 
used as a colouring to dis- 
Magnesium 1.3 guise’ the fact that a zine 
r casting is being employed. 
This disguise” is not em 
ployed for any ulterior reasons, 
- but for reasons of 
“matching”; for 
ELECTROPOSITIVE 
r instance, in expen- 
Zine 0.5 ° 
sive instrument or 
automatic assem- 
i blies, if the main 


Cobate 0.05 work consists of 
Nickel 002 nickel-plated or 
F brass components, 
any zinc castings In- 

cluded in the set-up 
may have to be 
finished accordingly 
for esthetic reasons, 

Hence, if zine or cadmium-plated 
Silver 1.0 steel work represents the major- 
Pitioum 14 ity of the set-up, a customer 
r may require a corresponding zinc 
or cadmium finish upon the cast- 
ings employed. Likewise, a brass 
L coating may be demanded when 
Sold 1.7 introduced into a brass assem- 
r blage. Nevertheless, care must 
20| be exercised to ensure that a finish 
Fig. 1.— Electromotive is not chosen that will accelerate 
series; normalelectrode the natural corrosion rate of the 

potentials in volts. ‘ 

casting, or augment bimetallic 
deterioration at contact with other metals. 

Due to its high position on the positive side of the electro- 
motive series, zinc is relatively easily corrodible. In 
practice, however, it is found that zine base die-castings do 
not deteriorate at all rapidly. This is partly due to their 
high density, partly due to their high purity, and partly 
due to the skin effect of the die-cast surface. In conse- 
quence, upon exposure deterioration usually amounts to a 
certain amount of dulling and ultimately gradual whitening. 
This whitening is more severe, of course, if exposure is in 
acidic atmospheres, such as those containing chemical 
fume, or in marine atmospheres. Deterioration may be 
visually enhanced by dust and dirt that tends to adhere 


Copper 0.6 
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and “grime into” the almost imperceptibly corroded 
surface, It is logical to decide, therefore, that any electro- 
plate finish for zinc must be one of a less corrodible metal, 
and that the coating applied must be continuous and non- 
porous. Zine would not be a natural choice, because electro- 
deposited zine being more porous than a cast zine surface, 
would deteriorate considerably more rapidly than the latter. 
Cadmium is frequently specified, but on the basis of the 
foregoing, it is a most illogical finish and adds nothing to the 
corrosion resistance of the die-castings nor does it ensure 
any lasting decorative effect. A dull cadmium is often 
used purely on the score that it is easy to plate on to zine 
base die-castings using the normal cadmium plating 
solutions. Copper would not be chosen owing to its strong 
electronegative character, although of course it may be 
necessitated by specific circumstances. Brass, similarly, is 
not used from choice, but employed solely when a brass- 
coloured finish is essential. The same applies to tin, this 
also being electronegative, although not so markedly as 
copper. 
rABLE I. 
SERVICKABILITY OF CADMIUM AND BRASS PLATINGS FROM CYANIDE 
ELECTROLYTES ON ZINC BASE DIE-CASTINGS COMPARED WITH 
VIRGIN CASTINGS 


Zine Alloy Casting Cadmium Brass 
without Electroplats Plating. | Plating. 
outing 
Thickness of electro None au | lz 
plate coating 
verge / 
im. 
Durebility under White corrosion evi- Specimens became Corrosion started 
sult spray test dent in 7 days black during first; immediately, and 
rradually develop lay. Subsequently.) was heavy in three 
ing generally to) they gradually cor days. 
fairly marked cor roded, corrosion 
rosion in 28 days being heavy in six 
day 
Durability under, A few white corrosion Corrosion was not)Gradual deterioration 
humid atmosphere pots only evident marked, but to 1 black dis 
test, in 200 «lay samples gradually colourationin seven 
sumed a dirty days: very heavy 
ippearance This, white corrosion 
was very marked areas in 25 days, 
120 days. when 
ils few white 
rrosion ote 
were apparent 
Durability when ex A few small white Very dirty appear-/\Gradual  discolour 
prose to open wrosion spots in ince developed in ition to a greenish 
itmosphere 28 days, but only we lays with) black hue in 30 
rhitly further pitted appearance days, pitted and 
deteriorated in nd white corrosion) corroded in 200 
lave pots in 200 days, days 


Nickel Plating 

The obvious choice of plating is nickel, because nickel 
itself is more non-corrodible, tending to form a_ passive 
oxide film over its surface, and upon exposure tending only 
to become dull or yellowish, A still better finish to apply 
is nickel followed by a flash of chromium, because chromium 
has the same benefit in this instance as it has on steel or 
brass in improving nickel coatings out of all proportion 
to the thickness of chromium applied. This refers not only 
to corrosion resistance properties, but also to retention of 
initial colour and appearance. These coatings must be 
continuous and as free from porosity as practicable ; they 
then protect by “ blanket or envelope ” action. Nickel is 
more wear-resisting than any of the platings already 
detailed, while nickel-chromium is superior to nickel alone 
in this respect. 

Owing to the fairly wide popularity of cadmium plating 
upon zine, miscellaneous zine castings, cadmium plated, 
have been subjected to the usual corrosion tests, and the 
results are given in Table I. From these it can be seen 
that the cadmium-plated article does not perform so well 
as the die-casting left in the untreated condition. In the 
same table test results on commercial brass plating are also 
covered as brass from cyanide solutions is often deposited 
in order to make zine castings look more like brass. It will 
be noted that the coating is very thin, and although 
initially having a very attractive appearance it is of very 
little permanent value. 

Table II gives the performance of commercial nickel and 
nickel-chromium coatings, in which it will be noted that the 
platings are not unduly thick, but that they do perform 
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the service required of them. The protection afforded by 
these coatings is really positive, and their serviceability 
is in no way comparable with the low order of the cadmium 
or brass-plated specimens. For extra severe conditions, 
of course, these nickel or nickel-chromium finishes can be 
rendered a little more heavy to suit specific instances. 
Further evidence of the utility of nickel coatings is given 
in Table III. The tests in this refer to riveted assemblies 
of die-cast zine alloy terminals fixed to nickel-silver springs. 
In these is the bimetallic junction between highly positive 
zine and highly negative copper in the copper-rich nickel- 
silver alloy. It will be seen from the test results that the 
bimetallic junction appreciably hastens contact corrosion, 
whereas with the die-castings nickel-plated this corrosion 
is largely prevented. 
TABLE II. 
SERVICEABILITY OF ZINC BASE DIE-CASTINGS HAVING NICKEL AND 
CHROMIUM ELECTROPLATE FINISHES. — 
! 


Nickel ; Chromium Plate on 
Plate. | Nickel Undercoat. 
Thickness of electroplate coating, | 
average, mg./sq. in. 
Chromium ‘ Nil 
Durability under salt spray test......../Very slight corrosion|slight white corrosion 
evidenced by whiten-| in seven days, be- 
ing in one day, be-| coming fairly heavy 


coming relatively; in 28 days. 
heavy in seven days.| 


} 
Durability under humid atmosphere test.) Dull and tarnished in| Unaffected in 350 days. 
350 days, bat no 
corrosion. 


The durability tests referred to in these tables are the 
standard ones—namely, the salt spray test comprised 
exposure of the specimens to 20°, salt solution atomised 
with compressed air at ordinary temperatures. The 
specimens were removed from the cabinet, washed in water 
and dried with a soft cloth daily for examination. The 
humid atmosphere test comprised subjection of the speci- 
mens to a temperature of 55° to 60° C., and humidity of 
approximately 75°, during the day and to 100% humidity 
with condensation at normal temperatures during the night. 
This atmosphere was kept uniform by means of a slow- 
moving fan. The outside atmosphere test comprised 
suspending the specimens in the open atmosphere freely 
with no protection from weather, wind or dirt. 

TABLE IIL. 
SERVICBABLLITY OF ZINC RASE CASTINGS AT BI-METALLIC CONTACTS 
ZINC ALLOY DIE-CAST TERMINALS RIVETED TO NICKEL SILVER SPRINGS, 
Zine not Plated. Zine Electroplated 
with Nickel. 
Thickness of electroplate coating average, None 

me. /sq. mm. 

Durability under salt spray test Heavy white corrosion! Unaffected in two days, 

in two days. | 

Durability under humid atmosphere test |Appreciable white cor-|Unaffected in seven 
rosion in seven days.| days. 


TABLE IV. 

CORRODIBILITIES OF ZINC AND ITS ALLOYS, AND OF VARIOUS PLATINGS. 
AS SHOWN BY DISSOLUTION POTENTIALS IN SEA WATER. 

Potentials in artificial sea water at 25° C. measured for combination of specimen and 

normal calomel electrode. 


Specimen. Potential 
Volts. 
Zine aluminium magnesium alloy (Mazak No, 3) | 1-4 
| 1-05 


Zine plate (new) 
Ditto, after ageing by seven days in humid atmosphere test ........... 1-05 


Cadmium plate (new) 
Ditto, after ageing seven days in humid atmosphere test ............. 0-75 


Ditto, after ageing seven days in humid atmosphere test .... 
In further evidence of the best suitability of nickel 
coatings are given the potential values in Table IV. The 
artificial sea-water was prepared from 2-5°%, sodium 
chloride, 0-15°, calcium sulphate, 0-30°, magnesium 
chloride, and 0-20°,, magnesium sulphate, in water. The 
values show that zine platings would corrode as rapidly 
as the zine itself, and that cadmium would dissolve at « 
little slower rate. Nickel possesses a markedly lowe: 
potential indicating a considerably slower rate of attack. 
All the values for plating only hold for complete coverage, 
and any discontinuities would expose the zinc base met! 
which would cause the determined value to be higher. 


— 
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The performance of the test specimens detailed in the 
tables may be regarded as typical average results. The 
platings were all produced in accordance with the methods 
given below. They were all deposited upon castings without 
mechanical surface preparation of sand-blasting, graining 
or polishing. Slightly improved results are obtained on 
polished finishes of the nickel or nickel-chromium types. 
All of them were properly adherent coatings in relation to 
their class. 

This question of adhesion can be dwelt upon at this stage 
with advantage. This property is firstly a function of 
proper preparatory treatments of alkaline cleaning and 
acid etching. Full information appertaining to these 
aspects are given later. It is, secondly, determined by 
proper electrolyte composition. Broadly speaking, there 
are two established procedures here, one using a nickel- 
plating and one a copper plating in direct contact with the 
zine alloy. Both use specially formulated electrolytes. 

Direct nickel uses a solution relatively low in nickel 
content, and having a high percentage of sodium or 
magnesium sulphate which suppresses nickel ionisation and 
minimises chemical] action between zine and the solution 
upon immersion of the work during the inevitable fractional 
interval of time before electrical contact can be made. 
Not only can this solution be used for finishes comprising 
nickel only, but also as an undercoat to copper, chromium, 
bright nickel, bright nickel followed by chromium, as well 
as to special finishes such as brass, silver, oxidised coppers, 
ete. 

Prior to the real establishment of sound electrolytes for 
direct nickel-plating, copper was used as the primary coat. 
The reason for this was mainly the fact that over many 
years a preliminary coppering has served the plater in 
overcoming difficulties in securing good nickel-platings on 
the ordinary metals, such as brass, steel, etc. Numerous 
failures followed, despite full-scale trials with cyanide and 
sulphate copper electrolytes, and with varying thicknesses 
of deposit. The failures revealed themselves either by 
blistering during or shortly after plating, or flaking of the 
nickel top coat early during service. The most probable 
explanation appeared to be that copper rapidly diffuses 
into zine, thus leaving the nickel unattached. Some 
improvement was achieved by using a medium thickness of 
copper. To-day, satisfactory copper undercoats are 
obtained, but they use a cyanide copper solution containing 
Rochelle salt. Consequently it must be assumed that the 
diffusion theory does not fully explain the defect. The 
fundamental trouble rests in the electro-chemical disparity 
of zine and copper, and it is suggested that the Rochelle 
salt electrolyte is probably more easily washed free from 
the pores of the deposit, leaving less residual electrolyte to 
promote reaction, and that the grain size of the Rochelle 
copper is much finer and closer, all helping to mitigate 
against deterioration. 

Like the direct nickel electrolyte, the Rochelle salt 
copper solution can be used to produce suitable undercoats 
for the reception of the desired finishing metal plate or 
artistie oxidised finish. 


Design Factors 


Engineers accustomed to machined or pressed com- 
ponents apparently take some little time to acquire the 
experience necessary for designing for casting. A stereo- 
typed copy of the component produced by the old method is 
unsatisfactory and unnecessary. It is essential to regard 
the problem from a new perspective, still keeping important 
dimensions and profiles in view, but designing the re- 
mainder of the component to best suit the die-casting 
process. Abrupt changes in section, undercuts, and sharp 
inner bends must be eliminated ; stream-lining and generous 
radiusing should be the rule. These promote easy flow 
of metal and consequently surfaces of better appearance 
and more suited to plating. American practice allows, 
where appropriate, relatively heavy flashes that can sub- 
sequently be removed by means of a simple shearing tool, 
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This eliminates porosity and “holes” along the line of 
flash removal, again easing work in the polishing shop. 


Preliminary Polishing 


Properly designed castings, well produced, should there- 
fore give the polisher the minimum of work. His aim should 
be to achieve smoothness and uniformity of surface with 
the least possible cutting into the skin of the article, 
minimum of drag or flow, and the avoidance of occluding 
grease in cavities. For the removal of heavier imperfections, 
such as parting fins and gate stubs, 160 to 220 mesh emery 
abrasive is employed, fixed to the felt bob with aqueous 
glue. Peripheral speeds of 5,000-6,000 ft./min. are usual, 
but up to 8,000 ft./min. are used. Tripoli polishing com- 
pound applied to loose stitched mops at 6,000—8,000 ft./min. 
is used for intermediate buffing, and a soft, fine-grained 
greaseless compound for the final colouring on a soft cloth 
mop. 

Much work is plated, of course, without any preliminary 
polishing. 

Degreasing 

It is always good practice to give a degreasing clean in 
trichlorethylene prior to alkaline treatment. This leaves 
the alkaline clean to function merely as a final superficial 
cleanser without unduly contaminating it, and allows it 
to be regarded as a unit in the plating line more easily 
controlled to constancy in consequence. The trichlor- 
ethylene clean may utilise liquor-vapour or multi-liquor 
type of plant. Particularly are these equipments useful 
for removing tapping fluids and swarfe. 

For the alkali clean, the milder compounds, such as 
sodium triphosphate and meta-silicate, are used preferably 
with electrolytic acids. Cyanides should not be included 
in the mixture as they tend to produce irregular stains. A 
sound process operates under the following conditions :— 

SoLuTIon COMPOSITION. 


Cathodic current density 
Work as cathode. 
A similar American process uses work as cathode in a 
boiling solution of 6 0z. to 7 oz. of tri-sodium phosphate per 
gallon, with sufficient current to promote gassing freely. 

When electro cleaning plant is not available, a hot 
solution of tri-sodium phosphate, 4 0z. to 1 gal. can be 
employed. 

From the alkali cleanse, thorough washing should be 
given in alternate hot and cold waters to assist in removal 
of solution from holes ; it should be noted the hot water 
must be entered first to minimise the risk of throwing out 
the lesser soluble zinc salts on to work surfaces. Next 
follows a rapid acid dip, again followed by thorough water 
washing. The acid treatment is carried out at shop tempera- 
tures. Sulphuric acid at a concentration of 5 to 10% by 
volume is preferred, and a maximum immersion time of 
30 secs. employed; 8% is the usual strength, with the 
lower concentrations for high copper content alloys. Some 
workers use 5 to 10% cold hydrochloric acid, immersing 
till surfaces are matted. 

It is important to regard all these p: liminary processes 
as critically as the plating proper. Minimum immersion 
times, proper after-washings, and avoidance of drying-off 
from the start to when immersed in the plating vat are 
important. 


Summary of Plating Operations 


Regarding the plating operations, data are summarised 
below. These include the direct nickel and direct copper 
solutions, and the cadmium and brass solutions used for the 
specimens referred to in the tables. The solutions useful 
for giving final platings (over direct nickel or direct copper) 
are also given. Regarding the bright nickel solutions, it 
must be pointed out that these are covered by a complex 
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patent situation and are usually operated under licence. 
Some degree of flexibility from all the quantities stated can 
be tolerated. 

Direct Nickel. 
Electrolyte : 


Single nickel salts (nickel sulphate crystals) ........... 12 oz. 
Sodium sulphate crystals (Glauber’s salt) ...... 30 to 40 oz, 
Cathode current density 5 to 20 amps. /sq. ft. 


The lower currents are advocated for work of light weight, 
and for those of very irregular section or having sharp 
projections. The higher sodium sulphate concentrations are 
advocated for articles having deep recesses into which 
“throw” is difficult. The electrolyte is maintained by 
daily pH value determinations, this being kept between 
5-8 and 6-2, and by weekly analysis. 

Direct Copper. 
Electrolyte : 


Sodium carbonate, anhydrous 2 
Cathode current density ................. 10 to 40 amps. /sq. ft. 


The solution is regularly maintained by pH determina- 
tions (11-6 to 12-2), as wellas rd analysis, in order to keep 
a level copper content and a free eyi anide value of j OZ. 
to Loz. per gallon. The temperature limits should be 
closely observed and currents kept near the maximum 
unless irregularity of profile enforces lower values. 

Bright Nickel.—-A typical solution used is in effect a 
normal high nickel content electrolyte, with cobalt sulphate 
as brightener and sodium formate as organic addition 
agent-—viz. : 

Single nickel sulphate crystals... 
Nickel chloride crystals ...... 6 oz. 
Cobalt sulphate crystals ...... 


Sodium formate.............. TTT 
Temperature ......... 1380°-140° F, C.) 
Cathode current density ...........ccceceees 40-80 amps sq. ft. 

4-4 to 4°6 


As with all nie eo solutions, depolarised anodes in bags 
are used and constant filtration is operated. Close control 
on cobalt content is essential. 
Chromium.—-The usual chromium practice holds good 
viz. : 
Electrolyte : 


Sulphuric acid ......... 0-4 02 


. 80-120 amps. sq. ft. 


Cathode current density 
110° F, C.) 


Working temperature ............. 
Final colouring upon a soft mop may be necessary on 
irregular shaped articles. 
Finishing Nickel.-Any ood electrolyte may be used as 
a finishing nickel over the Rochelle copper deposit. Single 
nickel sulphate types of solution are usual, having chloride 
additions of either nickel, sodium or ammonium—e.g. : 


Single nickel sulphate crystals... ... 32 oz* 


Working temperature .......... .90°-100° F, (32°-38° C.) 
pH value maintained between 4-8 and 5- 
Cathode current density ..... Fee enhnes . 10 to 35 amps. sq. f 


Cadmium (as used for the test specimens). 


Electrolyte : 
Cadmium oxide .4 02. 
Sodium cyanide .10 oz. 
Dextrine ......... oz 


This is operated at ordinary temperatures—the first 5 mins. 
at 20-30 amps /sq. ft., then at 10 to 15 amps/sq. ft. Atten- 


Marcu, 1941 


tion has to be given to the proportion of cadmium to inert 
iron anodes, the ratio being of the order of 1-5to 1-0. After 
water-washing, stains are removed by soaking in a 1% 
solution of sodium cadmium cyanide, and then thoroughly 
washed in water. Finally, the work is rinsed in 5% solution 
of cream of tartar, then in a 5°% solution of platers’ com- 
pound, and dried off. 


Brass.—(As used for the test specimens). 
Electrolyte :— 


eee 72% zine, 28% copper 
Cathode current density ............. 10 to 15 amps/sq. ft. 


Silver, gold and precious metal platings are best applied 
over the direct nickel plating. 

Thicknesses of plating is important because of the fact 
that protection is dependent upon a complete blanket. To 
cater for inequality of * throwing ” of the electrodeposited 
metal and for porosity, some predetermined minimum 
thickness value must be met. Castings are usually of 
irregular configuration and for average “indoor” con- 
ditions, the following limits should be conformed to, the 
values being expressed in terms of milligrams of metal 
coating per square inch. 


Min Max. 
Copper /nickel—Copper........... 70 
100 

Chromium (on nickel or on copper, 


For more extenuating circumstances, the nickel] thickness 
should tbe increased in all cases to 100mg. minimum, 
200 mg. maximum. ‘These limits give the plater the 
latitude he requires in practice for dealing with miscel- 
laneous loads. They also permit sound platings to be 
obtained without blistering or cracking from undue build 
up, or premature corrosion. 


The above is a brief review of a broad subject. It shows 
that despite the special nature of the practice of plating 
zine alloy die-castings, considerable flexibility is available 
to the practical man. The direct nickel processes are always 
advocated because there is always the tendency for copper 
to accelerate corrosion at weak areas and to give dark, 
unsightly corrosion products. Zine alloys are now widely 
employed for exterior and interior components, both for 
expensive and inexpensive equipments. Automobile com- 
ponents—radiator, door, instrument and general fittings ; 
for automatic apparatus and machinery, electrical and 
mechanical; for scientific instruments of all classes : 
wheels, gears, pinions, brackets, all are involved. Zinc 
alloys are an essential part of the war effort, and their 
treatment of utmost importance. Careful consideration is 
therefore essential to avoid waste from spoilage during 
processing or from early service failure. In concluding, the 
salient process features of the plating line proper can be 
picked out and stressed—namely :— 

(a) Elimination of the bulk of oil and swarf, if any, 

trichlorethylene, which is harmless to zinc. 

(b) The use of a specially formulated alkaline clean which, 
although special for the job, has no difficult 
features associated with it. 

(c) Employment of an acid pickle of controlled concen- 
tration and time, and 

(¢) For the plating coat adjacent to the zine alloy, use of 
a specially formulated nickel bath having a 
relatively low nickel content and a high sodium 
sulphate content to suppress the direct chemical] 
action upon zinc: or as an alternative, use of a 
specially constituted copper bath having a high 
proportion of Rochelle salt. 
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Machine Tool Industry After the War 


HE position of the machine-tool industry after the 

j war will be neither better nor worse than that of 

some other sections of engineering. The post-war 
industrial problem will only be solved by considering it as a 
whole and adopting methods that will constitute a 
revolutionary change in our attitude to industrial organisa- 
tion, and by a recognition that our national economy will 
have to fit into, instead of being antagonistic to, a liberal 
conception of international economy. The approach to the 
question must be original, because never before in the 
industrial and commercial history of this country has there 
been a complex such as all industry, but engineering in 
particular, will be plunged into when peace comes. There 
will be a nightmare of chaos unless men can rise above their 
old party and class loyalties, forgetting the “ isms” that 
at present divide them, and give full play to their common- 
sense with the good of the greatest number as their aim. 

After victory, and amid the desolation that we shall call 
peace, there will be a plenitude of nearly all engineering 
goods. There will be tens of thousands of very fine machine 
tools of every kind in the stupidly called ** shadow factories ”” 
up and down the country. These tools will be of British 
and American manufacture, and, no doubt, there are 
people now already making plans for buying them from the 
Government at scrap prices to dump them on the market 
and thus make their own fortunes out of the ruination of the 
machine-tool makers. In the same way, there are probably 
big industrial groups that are rubbing their hands together 
gleefully, and planning what “they ”’ will be able to do 
with cheaply bought and well-equipped factories. All these 
potential and unprincipled profiteers must be confounded 
if there is not to be a catastrophic political revolution, with 
its attendant miseries, and if this England is to retain that 
sanity in political and economic affairs for which it has a 
long tradition. 

The machine-tool industry as a whole loses much by 
war; this is not theorising or fancy, but is borne out by 
historical fact. Firms that extended their manufacturing 
capacity during the first Great War found, when peace came, 
that they had a millstone round their neck, and had in 
some cases to cease to exist. During the long post-war 
depression, many firms had to dig deeper and deeper into 
their resources to survive. It is probable that—and this 
applies to shipbuilders and to other engineers as well as to 
machine-tool makers—if the average net annual profits of 
many firms from 1914 to the present time were obtained 
they would compare very badly with the profits of firms 
in other less essential industries. Yet, immediately war 
was declared in 1939, the collective mind of the community 
thought at once of the need for curtailing profits. In a 
general sense this was, no doubt, good policy, if somewhat 
unfair, but as to whether it is in the national interests to 
penalise firms who made very modest profits for several 
years before the war, and substantial losses before that, by 
imposing uniformly high taxation on all firms is at least 
doubtful. There are many machine-tool firms that had no 
opportunity to accumulate reserves, and the end of the 
war will discover them in a very difficult financial position, 
bur they will not have the sympathy of either Government 
or people, as it will be considered that they enjoyed 
prosperity during the war ! 


Research and experimental work are necessary for 
engineering progress, and, in the immediate post-war 
years, when the various industrial nations are clamouring 
at the doors of the world markets, success will go to those 
who can combine high quality, unique design and moderate 
price, and price will not always be the deciding factor. 
Is it too much to plead for a new orientation of outlook 
of the political mind so that a policy might be adopted 
during the war better to fit the industry for after the war ! 
Probably it is, yet it would be simple common sense, and 
would not interfere with war aims, nor yet, by inference, 
call for a detailed definition of what those aims are (smashing 
the Germans is as much as most men want to know about 
war aims) to allow firms to reserve a proportion of their 
profits for post-war research and experimental work. 
Further, it would be plain justice and an incentive to even 
greater endeavour now if firms were allowed to build up a 
reserve fund against the possibility of locust years. There 
could be safeguards against such a fund being used for any 
purpose for which it was not intended, or against increasing 
capital in order to pay more out in dividend. If a firm had 
such a reserve, it would not act as a brake on enterprise, 
as the possible or allowable dividend payable out of 
reserves would not be a satisfactory return. It would, 
however, have the advantages without the disadvantages 
of a subsidy and enable the industry to fight for re-entry 
into the world’s markets, and thus provide employment for 
British workmen. After the allotted period of years, the 
balance remaining in these contingency funds could be 
paid to the State. 

Small demand means high production costs, therefore the 
British machine-tool industry must have a healthy home 
market to compete successfully overseas. This raises the 
question of international trading, and it is just silly to 
imagine that foreign machine tools can be excluded from 
the British and Commonwealth markets at any time in the 
future. A policy of this kind would handicap engineers 
generally, and would have an enervating effect on the 
machine-tool makers themselves. While it is not the 
intention to discuss the fiscal aspect of international trading 
here, it may be permissible to say, while acknowledging 
that tariffs have been necessary for a number of years, 
that the freer trade is, the more healthy is the world likely 
to be politically. One is tempted to discuss, in this con- 
nection, the banal effects of international] cartels and rings, 
but this also is outside the scope of this articie. If it is 
silly to consider the exclusion of foreign machines to aid 
the British industry, it is equally futile to imagine that 
any of the war-manufactured machines will be scrapped to 
give the industry a clean peace-time start, and such waste 
would, in any case, be criminal. 

The aim of post-war visualisers should be a position that 
gives scope to the industry, as though there had been no 
war. The machine-tool makers and designers would then 
be brimful of eagerness to contribute their full quota to 
reconstructing all that had been destroyed, and there would 
be ever-widening scope for them. But a boldness of out- 
look comparable with that of the new town-planners will be 
necessary to achieve this. The most essential thing at the 
moment, when all men’s thoughts are focused on the 
immediate prosecution of the war, is to press for an inter- 
regnum after the war of, say, 12 months, or preferably 
longer, for readjustments to be made without any of the 


= 
= 
= 
= 
= 
= 
= ! 
= i 
= 
= 
= 
= 
= 
= 
= 
= 
— By 
= 
= a 
= 
= 
. 


134 


war factories being dismantled. This would prevent hasty 
action by any Government which chanced to be in power 
after the war; it would enable planning to be done to 
defeat the war materials exploiters, and there would be an 
opportunity to formulate a sane long-term policy. 

It may be permissible, and in some degree profitable, 
to adopt a Wellsian role and anticipate things to come. It 
may even be worth while to consider a revolutionary policy 
as wise and far-seeing that would retard future adventurers 
of the Hitler and Mussolini types. It is axiomatic that 
modern wars are fought in the workshops as well as on the 
battlefields, on the sea and in the air; therefore it is 
justifiable to consider engineering as one of the combatant 
services. Postulating it as such, a parallel can then be 
drawn with it and the other services. Consider what will 
be done after the war with mechanical equipment used by 
our fighting forces. Our army may shrink, but it is 
unlikely that all equipment, unless it becomes out-dated, 
will be destroyed. It is also certain that the fleet will be 
kept at war strength and not again allowed to fall to 
dangerous tonnage as before the present war. All this 
will be done on the assumption that preparation will pre- 
vent another outbreak. Is there not, then, as much reason 
for retaining all the war factories in such a condition that 
they could be geared up to high production in a very short 
time. It may be emphasised that these factories have not 
been built as though for temporary use. Certain interests 
would have to be pushed aside and big maintenance costs 
agreed to in the national interest, but the cost of maintain- 
ing idle machinery would be small compared with the cost 
of maintaining a great fleet, and no one would cavil at this, 
and just as we know what would have happened to this 
country before now without the fleet, so, surely, it is 
justifiable to suggest that had we had a great war engineer- 
ing industry lying dormant, but ready, the Germans would 
have hesitated a long time before risking war, and if war 
still had come we should not be in the present parlous 
position of depending largely on supplies from the United 
States. One of the greatest pieces of industrial folly was the 
scrapping of the so-called redundant shipbuilding yards 
some years ago, when these should have constituted a 
frozen shipbuilding industry for emergency purposes and 
been taken over by the Government. If such a course 
had been adopted it would have been easier for us now to 
beat the U boat menace. 

To keep in being great war factories for a generation 
after peace comes would present problems of an engineering 
kind, but no waste would be involved, and the machine-tool 
and other engineering industries would have an opportunity 
of profiting by their enterprise and giving continued 
employment to their workpeople. 

This subject is discussed elsewhere in this ; 
machine-tool makers, because we feel strongly that not 
enough is being done to prepare for the future. An 
authoritative discussion will assist the industry to appreciate 
more fuliy the critical conditions it may well experience 
at the conclusion of hostilities, and to take the necessary 
steps to be ready for the change. The more the subject is 
freely discussed, the greater is the possibility of an inspired 
scheme which will effect a speedy, orderly and co-ordinated 
change-over to peace-time requirements. 


issue by 


THe Board of Trade announce that the Open General 
Licence permitting the importation without further licence 
of silver ores, concentrates and residues has been revoked 
as from February 5, 1941. From that date separate licences 
will be necessary except in respect of goods which are 
proved to the satisfaction of H.M. Customs and Excise to 
have been despatched to the United Kingdom before 
February 5, 1941, and which are imported into this country 
before April 5, 1941. 

Applications for -licences should be addressed to the 
Import Licensing Department, 25, Southampton Buildings, 
London, W.C, 2. 
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Industrial Concentration : 
The Problem of Compensation and 
the Case for Exports 


By Str FRANCIS JOSEPH, K.B.E. 
"T= announcement of the Government scheme for the 


concentration of industrial output was not un- 

expected. It has been evident for some time that 

mechanised warfare made demands upon industry which 
could be met only by a drastic reorganisation of our methods. 
But the Government proposals are so vague as to suggest 
that they have been announced prematurely. British 
manufacturers are out to help the Government, but they 
respectfully ask for clear and definite instructions. The 
Government announcement lacks clarity as to (a) the 
working and effect of the compensation proposals, and 
(6) export policy. 

In my view, the suggestion that compensation for firms 
closing down shall be provided by the firms remaining in 
production must inevitably create ill-will and tend to 
destroy the spirit of co-operation which, in almost every 
industry, has been of inestimable value during the last few 
years. Something much more definite and concrete is 
required in order to avert general confusion, widespread 
hardship among the firms to be temporarily “axed,” and the 
destruction of much of that spirit of self-help, ingenuity 
and enterprise which has been the mainspring of British 
manufacturing success since the Industrial Revolution. 

Industrialists will readily admit that production policy 
both for home and export must change according to the 
changing circumstances of the war. What was politic ¢ 
year ago, when France was our firm ally, has now to be 
scrapped. But our trade is designed for both home and 
abroad, and we are entitled to ask for a clear statement 
about exports, and especially exports to countries outside 
the British Commonwealth. 

After making due allowance for the shipping shortage and 
other difficulties, the salient fact remains that we must 
miss no opportunity of preparing for the post-war revival 
of world trade. Such preparation must be twofold. It 
must aim at (1) the retention of a nucleus of exports in all 
trades where war circumstances permit, and (2) the pre- 
servation and enlargement of British goodwill abroad by 
judicious publicity. 

Much good may come out of hardship and misfortune. 
For instance, the pooling of industry may remove many of 
the obstacles which have hitherto hampered effective co- 
operation between manufacturers in forming and operating 
export groups. Again, the co-ordination of effort implied 
in the enlargement of the Export Council into an Export 
and Industrial Council may materially help in the solution 
of problems that have arisen in regard to inland transport, 
shipping facilities, licensing, control of materials and delays 
in dispatch. Still more important, the reduction of costs 
implied by full time working in a limited number of factor- 
ies may prove to be vital. 

| therefore urge : 

(1) That the Government announcement on con- 
centration of industry should be quickly followed by a 
clarification of export policy ; and 

(2) That the export groups should regard the drastic 
measures now proposed by the Government not as a 
defeat of the export drive, but as an incentive and an 
opportunity to extract the utmost advantage from the 
co-ordination of industry. 

There can be no doubt that a clear and definite statement 
by the Government on our export drive would be of the 
greatest value to industry at the present time. It would 
keep alive the spirit of co-operation and sustain our faith. 
It would enable us to “go to it” in the spirit of the 
Willingdon Mission. The field for national and individua! 
propaganda is immeasurable and in due course the goods 
must follow. 
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The Physical Properties and Annealing 


Characteristics of Standard 


Bronze 


Phosphor- 
Alloys” 


By Maurice Cook, D.Sc., Ph.D., and W. G. Tallis 


A report is given on a detailed study of the effect of progressively increasing amounts of cold work on 

the hardness and mechanical properties of seven phosphor-bronze alloys in strip form, as well as of their 

annealing characteristics. The alloys were compounded to cover combinations of the latest (1939) revision 
of British Standard Specification No. 407 for phosphor-bronze sheets, strip and foil. 


N order to obtain information regarding the effect of 
varying tin and phosphor contents, seven phosphor- 
bronze alloys have been studied. Alloys were made 

to cover combinations of the highest and lowest phosphorus 
and tin contents allowed by the latest (1939) revision of 
British Standard Specification No. 407 for phosphor-bronze 
sheets, strip and foil, and, in addition, three average 
compositions were made up for the three grades of alloy 
recognised by the specification. 

TABLE I.—BRITISH STANDARD SPECIFIED COMPOSITIONS OF 

PHOSPHOR- BRONZE. 
(B.S.8. NO, 407, 1939.) 


| Total 
Impurities, 
B.S. | Tin, Phosphorus, Lead, including Copper, 
(irade, | , | | Lead, 
| %. 
_ 
| | 
w7/1 3-0 min. | 0-02 min. 0-02 max, | 0-20 max, Remainder 
4-5 max. | 0-40 max, | 
17/2 4-5 min. | 0-02 min, | | 
| 6-0 max, 0-40 max, | | 
107/3 | 6-0 min, | 0-02 min, | 


7-5 max, | 0-40 max. | 
| 


This specification concerns materials up to and including 
0-128 in. in thickness, and the three ranges of composition 
it covers are given in Table I. In addition to chemical 
composition, the specification includes requirements in 
respect of tensile strength, elongation, hardness and bend 
tests. There is, however, little information published 
relating to the properties of wrought phosphor-bronzes of 
the compositions covered by the specification; and in 
many applications properties other than those specified 
are not only of importance, but sometimes determine the 
selection of the alloy for the particular use in which it is 
employed. The object of the work described in this report 
was to obtain systematic and comprehensive data regarding 
the physical and mechanical properties of the alloys and 
their annealing charactertistics. 

As the amount of work involved for each alloy was 
considerable, the number of alloys investigated had, of 
necessity, to be limited ; to cover the extreme ranges of 
tin and phosphorus contents four alloys were selected, of 
which No. 1 and No. 2 had a nominal tin content of 3%, 
that is, the minimum value for the grade 407/1 alloy, with 
minimum and maximum phosphorus contents, respectively, 
that is, 0-02 and 0-40%. The other two alloys, No. 3 and 
No. 4, had similar phosphorus contents, but a nominal tin 
content of 7-5°%, that is, the maximum allowed for the 
grade 407/3 alloy. These four alloys represent extremes 
of composition, and were prepared and investigated for the 
purpose of evaluating the effect of such variations. As 
they do not represent typical compositions, the series was 
completed by three additional alloys, No. 5, No. 6 and 
No. 7, which are typical alloys of the three grades. They 
were made each with a nominal phosphorus content of 
-1°., and with tin contents approximating to the mean 
‘in figure for each of the three grades. Details of the 

hemical compositions of the seven alloys investigated are 
ziven in Table IT. 


*Jour. Inst, Metals, Feb,, 1941, Part IL, 67. pp. 49-66. 


TABLE IL-—COMPOSITIONS OF PHOSPHOR-BRONZE ALLOYs, 


| | ! | 
Alloy Copper, Tin, Phos- Zine, | Lead, Tron, Nickel, 
1 96-84 3-11 Nil | <o-wl 
96-50 3-09 0-39 Nil <0 | O-ol 
3 92-60) 7-31 Nil | Nil 
92-20 7-41 0-38 Nil O-OL oo2 Nil 
96-16 3-71 | | <0-005 |) <O-wl | Nil 
6 | 94-60 5-27 o-oo | Nil | <0-005) <o-ol Nil 
| 


7 93-19 6-65 Ol | <v-o1 | <0-005 <0-01 | Nil 


Spectrographic examination showed that all the alloys were free from manganese 
aluminium, bismuth and arsenic, and contained less than 0-005°, antimony. 


One ingot of each alloy was prepared, weighing 50 lb. 
and measuring 25in. x 3}in. x I{in., from charges 
made up of cathode copper, Chempur tin, phosphor-copper 
(5-18%, phosphorus) made from cathode copper and 
yellow phosphorus, and copper oxide. The heats were 
melted in plumbago crucibles in coked-fired pit furnaces. 
After the copper had been melted under charcoal the tin 
was added and the temperature raised to 1,300°-1,350° C., 
at which stage copper oxide (containing oxygen equivalent 
in weight to 0-05°, of the charge), wrapped in copper foil, 
was added and well stirred into the melt. After the 
temperature had been allowed to fall to 1,100°-1,150° C., 
the phosphor-copper was added and the metal was poured 
into cast-iron moulds, which were at 80° C., and the inner 
surfaces of which were dressed with a thin paste of powdered 
charcoal in water. 

After air cooling, all seven ingots were annealed at 
625° C. before rolling. The alloys with lower tin contents 
(Nos. 1, 2 and 5) were cold-rolled throughout, while the 
remaining four were heated to 300°C. and rolled at 
approximately that temperature for the first two stages 
and then subsequently cold-rolled. In the first two stages 
the ingots were rolled from 1 in. to 1} in. in four passes, 
annealed for 2} hours at 625° C., rolled from 1} in. to ? in. 
in five passes, annealed for 2} hours at 625° C. and scalped. 

At this stage a portion of each ingot was reserved for 
the provision of samples for the determination of electrical 
conductivity, thermal conductivity, and thermal] expansion 
values. The remainder of the strips were rolled to 0-300 in. 
thick and annealed at 625° C. for 2 hours. This was the 
material used for determining the effect of progressively 
increasing amounts of cold-work on the mechanical 
properties of the alloys. A part of each strip was reserved 
in the soft condition, and the remainder cold-rolled to 
0-030 in. thick, samples for test being taken at stages 
approximating to 10°, reductions in thickness. 


Effect of Cold Work on Hardness and 
Mechanical Properties 

The results of hardness and tensile tests carried out on 
samples of all seven alloys, in the soft condition and after 
various rolling reductions up to 90° in thickness, are given in 
Tables III and IV for alloys Nos. 1 to 4, and in Figs. 1-3 
for alloys Nos. 5 to 7. In carrying out the tensile tests on 
test-pieces to B.S. Specification No. 485, 1934, determin- 
ations of limit-of-proportionality values were made with a 
Lamb roller extensometer under conditions where strain 
measurements accurate to 0-5in. x 10°in. could be 
made, _Proof-stress values were obtained from load- 
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TABLE IIl.-MECHANICAL PROPERTIES OF PHOSPHOR-BRONZE ALLOYS Nos. 1 AND 2. 


Hardness Values. 


Rolling | Limit of | 0-10% Ultimate | Elonga- Reduc- - — -- - 
of inere asing tin Reduc- Propor Proof Tensile tion on tion of | 
» tion, |tionality,| Stress, Stress, 2 in. Area, | Brinell, Rockwell,| Rockwell,| Schuch- | Shore Scleroscope. 
mtent the %. %, D.P. 10 kg., | 100 kg., | 100 kg., | ardt and |—— — 
mechanical pro- kg. | 1mm. | jin. B. | in, Schiitte.| UH. | MH. | SR. 
by a comparison 
; ” 3-03 19-6 63-0 67 66 66 19 ll 14 12 
of the results 9°35 22-1 14-0 117 103 57 17 17 
19-3 2 24-8 25-5 80-0 132 114 100 67 23 20 38 25 
obtained with 28-4 17-0 78-4 147 126 103 7h 26 230 | 27 
alloys Nos. 5, 6 39-40 17-5 2 30-8 14-0 159 138 106 so 27 «| 29 
and which all 50-6 2-4 i“ 67-5 163 109 31 2 55 35 
23°3 39-6 1-5 66-0 191 171 lil 92 35 35 | 58 36 
have a phos 790 25-4 37-8 66-0 03 177 2 | 40 37 
phorus content of wow 27-1 16-2 2-5 65-0 215 191 lll 93 il | 67 38 
approximately ALLOY No. 2 
.10 . 76 69-0 69 67 67 19 15 lo 15 l2 
and tin 16-7 170 115 103 93 20 15 27 15 
contents of 3-71, 31-0 123 73 25 23 390 
5-27 and 6-65°,,, 13-2 | 12-5 180 163 108 32 30 
respective ly. It 38-0 es 202 179 111 37 35 
is also shown by 71-3 14-5 a0 21s 14 112 95 38 40 65 37 
78-6 is 7-9 225 | «6198 97 | iz 68 38 
comparison of | 3-0 | 38 113 gs 3 13 | | 40 


the results ob- 

tained with alloys Nos. | and 3, which have the minimum 
phosphorus content of 0-02 and tin contents of 3-11 and 
7-31°%,, respectively, and also those of alloys Nos. 2 and 4, 
which have a phosphorus content approaching the maximum 
and tin contents of 3-09 and 7-41°,, respectively. In the 
annealed condition, increasing the tin content increases the 
tensile properties, hardness values and elongation, but the 
reduction-in-area values decrease. After cold working, not 
only are greater strength and hardness values obtained by 
increasing the tin content, but the effect of cold working 
is greater. Increasing the phosphorus content has similar 
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Fig. 1.--Mechanical properties and hardness of cold-rolled 
phosphor-bronze strip. Alloy No. 5. (Tin, 3.71°,; phos- 
phorus, 0.12°,,.) 


effects, but the actual differences in properties resulting 
from increasing the phosphorus content from 0-02 to 0-4% 
are relatively small. 

For material in strip form, the tempers referred to in 
the Specification as quarter-hard, half-hard and extra-hard 
are obtained in each of the three grades of alloy by cold- 
rolling reductions of the order of 15, 40, 55 and 65°, in 
thickness, respectively. 

Values of the modulus of elasticity did not alter con- 
sistently either with the temper of the alloy or within the 
ranges of composition considered, and average values for 
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Fig. 2.—Mechanical properties of hardness of cold-rolled 
phosphor-bronze strip. Alloy No. 6. (Tin, 5.27%; phos- 
phorus, 0.09°,.) 
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TABLE IV.—MECHANICAL PROPERTIES OF PHOSPHOR-BRONZE ALLOYS Nos. 3 AND 4. 


! | 


Rolling | Limit of | 0-10% | Ultimate | Elonga- | Reduc- 


Hardness Values. 


alloys inthe 
cold-rolled con- 
dition, as used 


Reduc- | Propor- | Proof | Tensile | tion on | tion of | | 
tion, tionality.) Stress, Stress, | 2in., | Area, | Brinell, | Rockwell,) Rockwell,| Schuch- | Shore Scleroscope. = 
%. Tons/in.?./Tons in.*./Tons/in.?. a %. D.P., | 10 kg., | 100 kg., | 100 kg., | ardt and |————-——_—____- —- for determining 
| j 10 kg. 1mm. | fin., B. | & in., B. | Schiitte. U.H. | M.H. S.R. the effect of 
| | | | | | 
5-50 9-68 | 24-2 770 | 79-6 | 80 42 17 4 17 amounts 
9-45 | 10-75 | 17-9 | 26-6 64-0 | 783 | | 67 | 24 2 | | of cold working 
22-7 16-7 27-0 32-2 37-5 | 70-0 107 84 32 
32-1 | 20-2 | 31-5 | 36-8 | 26-5 | 58-4 109 | 90 34 es pe hardness 
42-2 | 25-0 | 36-6 | 19-5 52-1 111 37 34 56 10 an 
| 29-0 46-0 13-5 47-4 | | +96 | 40 | tensile pro 
61-4 33-1 | 44-4 49-3 7-5) | 44-1 14 | 99 | 42 | 6s | 42 perties, were 
71-0 | 38-0 47-6 52-7 6-0 44-0 115 101 44 43 70 45 . 
79-4 41-1 51-5 | 84-7 413-5 | | 116 | 102 | | 17 heated at various 
half-hour periods 
0 6-10 | 9-82 27-2 79-0 82 | 4 | 19 15 27 19 d D Ph 
10-4 | 21-0 30-8 56-5 | 70-5 | |} 99 72 (36 2 4g 28 an nard- 
23-7 20-6 30-0 370 35-0 | 55-8 | los | 56 34 
33-5 | 24-7 35-6 41-6 24-0 53-6 |} wn | of 4 8 66 37 ness tests were 
43-0 28-5 | 39-1 45-5 16-0 is-0 hi | 37 69 12 afterwards car- 
52-1 32-9 43-5 4 9-0 15-4 99 42 42 72 16 
59-5 36-4 47-0 | 6-5 44-1 | lwo | 45 3 17 ried out on them. 
| 40-4 50-7 5-0 | 2-5 | 45  @ | > 
44-5 555 15) 42-0 (04 49 | 49 The results ob 
| 48-5 | 59-6 | 66-6 | 3-0 | 400 | 116 ws | | | ot tained, each of 
which is the 
the seven alloys fall within the limits of 13-9-14-6 x average of at least three determinations, are given in 
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Ib. /in.?. 


Shear tests were carried out on cylindrical test-pieces, 
0-250 in. in diameter, machined from strip in the soft 
condition at a thickness of 0-3in. Three determinations 
were made on each alloy and the results are given in Table 
V, from which it will be seen that the shear strength is 
about 77°, of the tensile strength. 


Annealing Characteristics 


To ascertain the effect on annealing of variations in tin 


and phosphorus content, samples of strip and of all seven 
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3.—Mechanical properties and hardness of cold-rolled 
phor-bronze strip. Alloy No. 7. (Tin, 6.65%; phos- 
phorus, 0.12%.) 


Table VI. Within the limits of composition considered, 
the effect of increasing the tin content is to raise slightly 
the temperature of initial softening, while increasing the 
This information on the 


phosphorus content lowers 


it. 


TABLE V.-TENSILE AND SHEAR STRENGTH OF ANNEALED 


PHOSPHOR-BRONZE ALLOYS. 


Shear Strength, 


Alloy No, Tons/in,?. 
1 14-7 
2 15-8 
3 18-3 
5 15-9 
6 16-9 
7 | 18-8 


Tensile Strength, 


‘Tons/in.?, 


tc 
- 


tore 
ue 
"asc 


S/T Ratio. 


The relationship between Diamond 


Pyramid and Brinnell hard- 


ness for these alloys is expressed by the formula—D = 1-17B-10. 


TABLE VI. D.P. HARDNESS VALUES AFTER HALF-AN-HOUR’S 
ANNEALING AT DIFFERENT TEMPERATURES, 


‘Tempera- | Alloy | Alloy | Alloy | Alloy | Alloy | Alloy | Alloy 
ture, °C. | No. 1. No. 2. No, 3. | No. 4. No. 5. No. 6. No. 7. 
| 
10°, REPUCTION IN THICKNESS. 

Room 110 1? j 123 0 103 119 14 
100 | lle | 117 | 126 136 104 122 127 
3000 110 132 103 108 113 
100 | 98 a9 108 124 91 96 100 
| 83, | | 94 77 87 91 
82 92 72 78 88 
700 | 63 67 82 | 89 71 73 87 
800 | 63 67. | 87 70 73 87 

20°, REDUCTION IN THICKNESS. 

Room | 135 142 166 180 116 148 148 
164 197 123 153 150 
200 135 141 160 188 118 147 151 
300 124 124 153 168 107 135 128 
100 us | 7 | we | ios 100 119 119 
69 | 72 87 | 96 80 92 
oo 66 | 67 | | on 75 75 x9 
700 | 6 | | so | 89 O74 87 
g00 63 | 63 78 | 90 70 | 72 &5 

30° REDUCTION IN THICKNESS. 

Room |; 149 | 162 | | 202 53 179 
100 |} 180 | 164 | 191 | 208 | 1564 171 179 
200 «| «148 | 156 187 209 | 159 170 177 
300 137 142 172 194 146 157 167 
100 | 23 113 109 132 121 120 
500 72 | 7% 89 99 | 78 85 100 
eo | 68 | 67 | 8&4 9% | 77 78 86 
700 | 67 80 | 74 76 
s | wm | 80 

40%, REDUCTION IN THICKNESS. 

Roon 158 181 208 217 170 85 20K 
100° | | | 172 | 90 203 
200 163 | (183 203 | 219 | 177 186 200 
300 153 | 150 191 | 195 157 169 184 
400 121 | 81 03 115 89 104 
300 73° 75 89 | 100 8 | 83 92 
600 69 83 | 7s 
700 64 66 80 88 73 74 83 
R00 | 6s | 65 79 | 88 74 82 

50°, REDUCTION IN THICKNESS. 

“oo | | it | 320 | 333 | | | 
200 172 | 185 218 231 187 198 210 
300 160 143 204 199 166 193 194 
100 96 83 120 123 111 96 109 
72 76 9 103 82 os 
wo | 69 | 69 | 83 | 95 80 76 93 
700 | 9” 75 74 83 
800) | 64 66 78 89 70 72 2 
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TABLE VI (Continued).—D.V. HARDNESS VALUES AFTER HALF-AN- one 
HOUR'S ANNEALING AT DIFFERENT TEMPERATURES. | 
‘Tempera- | Alloy Alloy Alloy Alloy Alloy | Alloy | Alloy — | 
ture, °C No. 1. No, 2. | No. 3. No. 4. No. 5. No. 6. No. 7. z x | 
| | 
60%, REDUCTION IN THICKNESS. Zz oN 
Room | int 207 231 235 
100 | 187 | 206 234 225 
| 199 232 | 226 2 
| 174 126 209 213 
100 | 117 111 
500 75 76 | 89 | 100 8-916 
600 | 84 
700 | oe | 66 79 79 | | 
4 63 77 75 | 
Room 14 217 2 245 REDUCTION INV THICKNESS BT COLO ROLLING, PER CENT 
Fig. 7._-Density of phosphor-bronze. Alloy No. 6. 
ist 999 | Seg (Tin, 5.27%, ; phosphorus, 0.09%.) 
wn oN 23 lz22 
cams 17 7 9 es annealing characteristics as shown by hardness-test results 
70 as tit x 7 has been supplemented for all of the alloys after cold- 
= rolling reductions of 60°, in thickness by determining 
80%, REDUCTION IN the effect of annealing temperature for the same period 
~—wee 234 ae of time—i.e., half an hour—on tensile strength, elonga- 
200 207 218 264 tion, and Erichsen values. The results of these tests, 
which were carried out on strip 0-050 in. thick, are 
o |} 2 | i $0 shown in Table VII for alloys Nos. 1, 2, 3 and 4, and in 
Figs. 4-6 for alloys Nos. 5,6 and 7. The grain-size after 
comparable cold-working and annealing treatments did 
1% REDUCTION IN not appear to vary sensibly amongst the seven alloys. 
Room 214 268 280 279 
100 Density, Electrical Conductivity, Thermal 
300 24 210 191 231 Conductivity and Thermal Expansion. 
4 iu oe al as os Density determinations were made on all the alloys in 
7H) ry 87 a 4 il the form of strip after annealing at 625° C., and after cold- 
ane — = — — = = rolling reductions of 50 and 80°, in thickness ; the results, 
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Fig. 4— Mechanical properties of anneal- Fig. 5—-Mechanical properties of anneal- Fig. 6—-Mechanical properties of anneal- 
ed phosphor-bronze strip. Alloy No. 5. ed phosphor-bronze strip. Alloy No. 6. ed phosphor-bronze strip. Alloy No. 7. 
(Tin, 3.71°, ; phosphorus, 0.12°,.) (Tin, 5.27°,; phosphorus, 0.09°,,.) (Tin, 6.65°, ; phosphorus, 0.12°,.) 


TABLE VII--ULTIMATE TENSILE STRESS AND ELONGATION °®, VALUES OF PHOSPHOR-BRONZE ALLOYS AFTER ANNEALING AT DIFFERENT 
TEMPERATURES FOR HALF AN HOUR, 


| Ultimate Elonga- Ultimate Elonga Ultimate | Elonga- Ultimate | Elonga- 
Tempera- | Tensile | tion on | Erichsen Tempera Tensile | tion on | Erichsen | Tempera- Tensile | tion on | Erichsen || Tempera- | Tensile | tion on | Erichsen 
ture, | Stress, 2 in., Value, ture, Stress, 2 in., Value, ture, Stress, 2 in., Value, || ture Stress, 2in., | Value. 
C. ‘Tons/in,? | Mm ( rons /in.?, %. Mm Tons/in.?, %. Mm. | c. Tons /in.?. %. Mm. 
ALLOY No, | ALLOY No, 2. ALLOY No. 3. ALLOY NO. 4. 
Room | 6-37 Room 4-70 Room | 5-5 5 Room 51-4 4-0 
| 36-6 iv 6-00 loo 4-65 loo | 5-5 51-7 4-0 
36-3 ou 200 70 4-80 200 49-6 6-0 
300 6-0 6-00 soo 13-5 
24-1 Sa w-5 iu oon 400 
ooo 11-85 ooo Gov 74-0 600 
TOO 19-2 56-0 12-7 700 62-0 700 75-0 
lg-0 3-0 ou S00 | 75-0 | S00 
fh 


. 
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20° oT TABLE IX.-THERMAL AND ELECTRICAL CONDUCTIVITIES OF 
corrected to 20° C., are given in Table VIII. The effect 


of raising the phosphorus content from 0-02 to 0-40% in 
the alloys of both highest and lowest tin content is to 
decrease the density. The effect of variations in tin content 
on density is very slight. The decrease in density with 
increasing amounts of cold work is illustrated for alloy 
No. 6 in Fig. 7. 
TABLE VIII—DENSITY AND THERMAL EXPANSION OF PHOSPHOR- 
BRONZE ALLOYS. 


Coefficient at Thermal Expansion, 
<x 10-10, 


i 

| Density at 20°C. 


Alloy Cold-rolled Cold-rolled, 
No, } Strip, | Strip, 
| Annealed | 50% 80%, | 320° 20° 20°- 20°- 
Strip. | Reduction in Reductionin| 100° C. 200° 300° 100° C, 
Thickness, Thickness. | 
| | 
1 | | 8-927 8-925, 16-9 | 17: 18-1 18-5 
2 | 888%, | | 16-6 17 18-2 18-8 
$ | 8-982, 8-92Ry 8-926 17-6 18-5 18-9 
| | 8-885, | S-88ly | 17-4 18-3 19-0 19-5 
5 | 8-919, | 8-916 17-6 18-4 19-4 
6 8-923, | 8-919, | 8-916, 17-0 17-5 18-0) | 18-4 
7 8-918; 8-914, 8-910. 17-2 | 17-9 18-3 18-9 


Coefficients of thermal expansion were determined on 
all of the alloys in the annealed condition by heating 
2in. xX fin. cylinders in a tubular electric furnace of 
known temperature gradient. Expansions were read 
directly on a dial gauge and corrected for expansion of the 
fused silica end-rods. Temperatures were read by means 
of a platinum/platinum-rhodium thermocouple placed in a 
hole drilled in the centre of the test-piece. Values for the 
expansion over four temperature ranges are included in 
Table VIII. 

Thermal conductivity measurements were made on 3-in. 
diameter rods machined from 3?-in. thick cold-rolled strip 
annealed at 625°C. A guard-ring apparatus similar to 
that used in previous work on nickel-silver alloys* was 
employed. Accurate temperature control of the heating 
block was obtained by means of a potentiometer-type 
automatic regulator with variable resistances arranged to 


2 M. Cook, Jour, Inst. Metals. 1936, 58. 151. 


Expansion Joints for High-Pressure Gas 


and Oil Lines 

T is generally recognised that a loop provided in a line 
to take care of temperature changes, also responds to 
pressure changes, in the same manner as a Bourdon 
tube. As pressure increases, the loop has a tendency to 
straighten out, thus imposing severe strain on the con- 
nection and intensifying the vibrations induced by the 
compressors. In fact, cases are numerous where, among 
other unpleasant effects, the stresses set up are sufficient 

to break the flanges of the valves installed in the lines. 

A rather ingenious and comparatively simple device for 
eliminating line troubles of the type described has been 
developed by the Cameron Lron Works, of Houston, Texas. 
It is known as the Cameron balanced expansion joint. As 
can be seen from Fig. 1, the construction is quite simple. 
Essentially, the joint consists of the body, which is made in 
two parts, and the slip-joint proper, which may be con- 
sidered as an extension of the pipe-line. Gas or oil entering 
the joint passes through slots into the body, the slots being 
arranged to equalise the pressure in the body. From the 
body the gas or oil passes into the main line. 

The construction is such 
that when the line contracts 


| Wiedemann- 


Thermal Conductivity, 
cal./em.2/em./°C./second. | Temperature Specific Franz- 
Alloy — —_| Coefficient of | Resistance, Lorenz 
Thermal ohm-cm. x Ratio, A/AT 
At 20°C. | At 200°C. | Conductivity. | 10-6 at 20°C. | at 293° A. 
0-16 0-23 0-0024 | 12-23 | 6-7 
3 0-16 0-22 0-0021 12-31 | 6-7 
4 0-15 | 00026 | 17-64 | 6-6 
5 0-20 0-26 | 0-0016 | 9-17 6-3 
6 0-18 0-24 0-0018 | 10-25 6-3 
7 0-15 0-20 00-0023 | 6-6 


switch only a small proportion of the total necessary 
heating current. The temperature gradient in the specimen 
was determined by three copper/Constantan couples 
calibrated to 0-1°C., and the increase in temperature of 
the cooling water by a six-element differential thermo- 
couple calibrated to 0-005° C. The e.m.f. was measured 
with a Cambridge potentiometer. Duplicate observations 
were made with the heating block at 150°, 250° and 400° C., 
thus giving 12 values for the conductivity from 50° to 
250°C. The conductivity values at 20° and 200°C., as 
well as the temperature coefficient a in the equation 
K, = Kall + a(t + 20°)], obtained from the mean con- 
ductivity-temperature curves, are given in Table IX. 

Electrical conductivity measurements were made by the 
potentiometer method on the rods which were used for 
determining thermal conductivity. The results are given 
in Table LX, and the effect of variations in composition 
is similar to that on the thermal conductivity. Values for 
the Wiedemann-Franz-Lorenz ratio K/AT, at 293° A, 
where K =thermal conductivity, A= electrical con- 
ductivity, and 7’ = absolute temperature, varied from 
6-1 to 6-7. 


The authors express their thanks to Imperial Chemical 
Industries, Ltd., for permission to publish the results 
contained in this report. They also acknowledge the help 
they have received in some of the experimental work 
from Messrs. A. Fletcher and M. Milbourne, B.Sc. 


tubes. The tubes are welded to the sections of the body 
at each end, as illustrated. 

An expansion joint of this design is installed in a high- 
pressure gas maintenance line carrying gas at 4,000 lb. 
pressure at a temperature in excess of 280° F. Both body 
sections are cast from molybdenum-manganese steel, of 
the following analysis range :— 

c. Mn. P. 8. Si. Mo. 
-35 1-0-—1-+35 0-05 max, 0-05 max, 9-30 min, 0 -20-—4) 30 
After casting, the sections are normalised at 940° C., and 
drawn at 675° C. The physical property specifications call 
for a minimum tensile strength of 32 tons/sq. in. and a 
yield-point of 22 tons/sq. in. and a maximum Brinell 
hardness of 212. Typical physical properties actually 
developed from heat-treatment are :—40-42 tons/sq. in. 
tensile strength, 24-5 to 26-5 tons/sq. in. yield-point, 
25°, elongation in 2 in., 45-5 reduction of area, and a 
Brinell hardness of 179 to 207. 

Cast manganese-molybdenum steel responds well to 
simple heat-treatment ; it permits the variation of sectional 
thicknesses capable of resisting high pressures, and the 
physical properties developed make it relatively economical 
in service. 


or expands longitudinally the 
joint is free to move with it 
while the body is stationary. 
The joint is packed by two 
plastic packing boxes that 


i 


= 


prevent leakage. The body 


consists of two yoke-shaped 
castings connected by two 


Fig. 1.—Section of expansion joint showing interior construction. 
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Diffusion into Solid Aluminium 


Results are given of a recent research carried out to determine the variation of the 

diffusion coefficient with alloy concentration as well as with temperature in the 

aluminium-rich solutions in the systems aluminium-copper, aluminium-magnesium, 
aluminium-silicon, aluminium-silver, and aluminium-zinc. 


is of importance in a number of ways. The process 

of homogeneisation and the process of precipitating- 
ageing are both processes the rates of which are, at least in 
part, dependent upon the rates of diffusion. In the anneal- 
ing of alloy sheet coated with pure aluminium, it is also 
important that the pure aluminium coating shall not be 
contaminated by too extensive diffusion outwards of the 
alloying elements in the core alloy, and with a knowledge 
of diffusion coefficients, heat-treating cycles may be devised 
to avoid this. 

Measurements of the rates of diffusion of a number of 
elements into aluminium have been made by various 
research workers, and the values obtained show the varia- 
tion of the diffusion rate with temperature, but not with 
alloy concentration. Since in some cases the diffusion 
rate coefficient is changed as much by a variation of 1°, 
in concentration as by a variation of 50° C, in temperature, 
it is evident that the influence of concentration is an 
important one. A research carried out recently by R. F. 
Mehl, F. N. Rhines, and K. A. von den Steinen* to deter- 
mine the variation of the diffusion coefficient with alloy 
concentration as well as with temperature in the aluminium- 
rich solid solutions in the systems aluminium-copper, 
aluminium-magnesium, aluminium-silicon, aluminium- 
silver, and aluminium-zine is therefore of interest. 

Sheets of pure aluminium, 0-375 in. thick, rolled from a 
commercial 7 in. x I4in. x 28in. ingot, were annealed 
for two hours at 413° C. The alloys whose compositions are 
given in Table I were cast as ingots 1-5 in. x Sin. x 7 in., 
taken from the hot mould, placed between pure aluminium 
sheets, cooled to 455° C., and reduced 0-125 in. in thickness 
by rolling in order to produce a bond. To promote homo- 
geneisation, the copper, magnesium, and silicon slabs were 
heated for 12 hours at 477° C., and the silver and zine 
slabs heated for a similar time at 385° C., cooled in the case 
of the copper, magnesium and silicon alloys to 455° C., 
and in the case of the silver and zine alloys to 315° C., and 
rolled to a uniform thickness of 0-375 in. 


"Tse diffusion of various metals into solid aluminium 


rABLE 1. 
Sl. Fe. Cu. Mg. \g. ZN. 
“-06 
ool 2-49 
owl 
ool 
ool ol aol 20-18 
ool ool 
Mluminium the remainder, 


The technique used in the preparation of the test 
specimens was adopted in order to have a positive assurance 
of the destruction of the aluminium oxide film which forms 
between the two parts of the diffusion couple and which is 
capable of interfering with diffusion, and whose presence 
may lead to low values of the diffusion coefficient. By 
rolling composite slabs of pure aluminium and the 
aluminium alloy containing the diffusing element, the total 
area of oxide remaining at the interface in the finished 
specimen is not only limited to the original contact area 
before rolling, but also the oxide is disintegrated and widely 
dispersed, so that its influence upon diffusion is minimised. 

Strips 6in. x 0-5in. were cut from the most perfect 
section of each finished alloy and heated in duplicate for 
100 hours at 400°, 450°, and 500° C, (except in the case of 
the zine alloys, which were heated at 400° and 450°C. 
only). The distribution of the alloying element in the case 
and core of the specimen was then determined by machining 
off layers and analysing the layers chemically or spectro- 
graphically. For chemical analyses layers 0-005 in. thick 
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were cut parallel to the interface between the case and the 
core of the specimen, the location of which was determined 
by etching. Each layer was analysed separately, and all 
the metal taken in each cut included in the sample, so that 
a true average composition at each level was obtained. For 
the spectrographic analyses, the specimens were cut in a 
series of steps, each 0-005 in. deeper than the next, and the 
test spark was located in the centre of each step. Small 
variations in the local composition of the underlying alloy 
as well as in the regularity of the interface between the case 
and core, had a marked effect upon the results of the 
spectrographic analyses, and for this reason it was found 
necessary to average a number of readings in order to 
obtain values for the computation of the diffusion 
coefficients. 

As all the specimens used in the investigation were 
heated for various periods at different temperatures during 
their fabrication, it was found necessary in calculating the 
diffusion coefficient to take into account a definite amount 
of preliminary diffusion, determined by analysing blank 
samples which had no heat-treatment subsequent to 
fabrication. The diffusion coefficient was calculated by the 
methods of Grube and Matans, with a modification to com- 
pensate for diffusion during fabrication. This resulted in 
the diffusion coefficient being calculated in the usual way 
except that the time of diffusion was taken as the sum of 
the experimental time noted and an unknown value f, 
corresponding to the time equivalent of the diffusion during 
fabrication. The diffusion coefficient was simultaneously 
calculated from the blank sample in terms of the unknown 
time ¢. Two simultaneous equations were thus obtained 
with two unknowns, ¢ and the diffusion coefficient D, from 
which the latter value was obtained by substitution. 


From the results determined curves were obtained for 
the various alloys, showing the variation of diffusion 
coefficient with concentration at the different temperatures. 
At 500° C. the following ranges of values for the diffusion 
coefficient were found :—5-8 to 1-5 x 10 sq. em. per sec. 
between L and 5°, copper; 11 to21 x 107! sq. cm. per sec. 
between 0-25 and 2-0°, magnesium; 20 to 7-5 x 10" 
sq. em. per sec. between 0-2 and 0-7% silicon; 20 to 
11 x 10° sq. cm. per sec. between 2-5 and 17%, silver ; 
and (by extrapolation) 20 to 38 x 10°@sq. em. per sec. 
between 2-5 and 32°, zinc. From these results few genera! 
trends are evident except that the diffusion coefficient 
increases with increasing solute concentration when the 
solute is low—melting as in the case of magnesium and 
zinc and decreases with solute concentration when the 
solute is high-melting, as in the case of silver, copper and 
silicon. The diffusion coefficients also appear to approach 
a common value of 20 to 25 x 10°!sq. cm. per sec. at 
500° C. in the systems with silver, silicon and zine, and a 
value of 6-10 x 107 sq. em. per sec. in the systems with 
copper and magnesium. 


Values of the activation heat of diffusion Q were also 
determined and are given in Table II. 


rABLE If, 
Diffusing Metal. Q in Cal. per Germ. Mol, 
Cu 33,000 
Mg. 
si. 
Ag. 
Zn. 


The value for silver of 38,500 is much in excess of the 
activation heat approximated from the rates of precipit«- 
tion in aluminium silver alloys, and shows the importance of 
factors other than diffusion in determining the rates of 
precipitation. 
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The British Machine ‘Tool Industry— 
Its Future 


We must plan for a prolonged commercial effort which can be given effect immediately 


activities cease to be directed to the successful prosecution of the war. 


Attention is directed 


to a key industry which suffered disastrously after the last great war, and its future is dis- 
cussed by representatives of the industry concerned with a view to considering the problems 
that will be presented and, by so doing, assisting in the speedy orderly and co-ordinated change- 
over of the industry from war production to the restoration and reconstruction of our civil life. 


ceased to manufacture their normal products, and, 

to a considerable extent, the home and overseas 
markets are being starved of these ; a much fewer number, 
however, of which the machine-tool industry is one, are 
manufacturing far in excess of peace-time requirements to 
meet the special needs of war, and this excess will be one 
of the gravest problems at the end of the war, necessitating 
the most careful thought, not only by the whole industry, 
but also by the Government, to plan for the future and 
prevent the catastrophe which followed the last great war. 

In order that the subject may be authoritatively dis- 
cussed, especially as it effects the British machine-tool 
industry, we have sought the views of a number of machine- 
tool manufacturers, some of which are here published as 
received ; in many instances, however, the main factors 
are repeated in different communications, and in order to 
save our space and your time the general purport of these 
communications can be set out as follows :— 

“There is no doubt about it that the machine-tool 
industry will be faced, at the cessation of hostilities, with 
the most critical period of its existence. The present output 
of machine tools from our factories and the retained imports 
represent a fantastic accumulation of machine tools judged 
by any peace-time standard. It seems fairly obvious that 
without the whole-hearted co-operation of the Government 
the machine-tool industry cannot exist when the war is 
over. Nor is this only a machine-tool matter, for any 
scheme which is designed to keep the machine-tool industry 
afloat must of necessity involve far-reaching arrangements 
concerning all branches of manufacturing industry. 

* Political considerations must arise, as obviously a great 
deal will depend upon the policy of the Government of the 
day in regard to the maintenance of defence establishments, 
both from the point of view of the size of such establish- 
ments and the keeping of their equipment up to date. 
Government policy towards manufacturing industry in the 
matter of inducements to ‘ scrap and replace ’ will also 
be an important factor, whilst overshadowing everything 
is the almost terrifying problem of what will be done with 
the Government surplus. Are we again to be thrown to the 
wolves ? Will the short-sighted policy of bringing a few 
million to the Treasury by wholesale auctioning appeal to 
a post-war Cabinet more than the rehabilitation of a key 
industry ? ” 

There are few who do not criticise the unfairness of the 
excess profits tax ; the general opinions on this aspect are 
admirably presented by one correspondent, who says : 
* The present attitude in regard to permitted profits in the 
machine-tool industry is by no means unassociated with 
out post-war destiny. No one supports * profiteering ’ out 
of the war, but assuming victory, as we do and must, it 
would be a wise provision to see that the industry is not 
left without means to prosecute its arduous battle to win 
the peace. We must spend money freely when that time 
comes ; there must be no policy of retrenchment. Export 
markets must be recaptured ; new designs must be pro- 
duced to support, with the finest machine tools in the world, 
British industry’s bid for world markets. So, too, ought the 
needs of British industries seeking resurrection—the motor- 
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car industry, for example—be met by new products of 
British machine-tool makers. The greatest machine-tool 
exhibition the world has ever known ought to be held in 
London—not in Leipzig or Cleveland—at the earliest 
possible moment after the war, and our sales forces should 
be on the world’s doorsteps before the defeated and 
occupied countries have time to draw breath. We must be 
ahead of former enemy and former allv alike ; ahead, not 
only of Germany, Italy and Japan, but of Belgium, France, 
Norway, Czecho-Slovakia, Russia and—why not ?—of 
America too. That will mean money, a lot of money, and 
the policy of restricting profits will leave our coffers empty. 
Let profits continue to be restricted so far as distribution 
is concerned, but why should not the surplus earnings of the 
present increased turnover be credited to members of the 
machine-tool industry for post-war use for the purposes 
described ? ” 


By C. NORMAN FLETCHER, M.1.Mech.E., F.C.LS., 
M.1.P.E., 


Managing Director, Edward G. Herbert, Ltd. 
"T machine-tool industry is a peculiar one, and its 


peculiarities are not generally appreciated—even by 

engineers—outside the industry. The publicity 
accorded to the subject of machine tools immediately prior 
to and since the outbreak of war has impressed upon the 
nation the fact that the manufacture of machine tools is 
absolutely a key industry that constitutes the foundation 
of the equipment of the national war effort, but it is not 
perhaps so generally realised that the same is true of any 
national peace-time effort. Behind every manufacturing 
activity one finds, eventually, the machine tool, and 
similarly it is found behind the transport industry, whether 
land, sea or air. After the war the prosperity or otherwise 
of this country will, as in the past, depend largely upon its 
manufacturing and transport abilities, and they will 
certainly be influenced eventually by the position of the 
machine-tool industry. Machine-tool development has been 
very great in the last ten years or so, and if this rate of 
progress is to be maintained—with its great advantages in 
the improvement, cheapening and acceleration of output— 
very heavy expenditure will be incurred for the necessary 
experimental and development work, and this expenditure 
can only be met by a reasonably prosperous industry. 
How, then, can the necessary prosperity be assured ? 


Small Industry 

It is not generally realised that, although of such great 
importance to the community, the machine-tool industry— 
measured by the financial yard-stick of the City—is in fact 
quite small. The Machine Tool Trades Association, 
although a very representative body, which includes in its 
membership practically all important British machine-tool 
makers, has a strength of well below 200 members, and 
several of these are not actually machine-tool manufacturers, 
but are concerned with the import, export and sales of 
machine tools. It is doubtful if even ten of the members 
ordinarily employ a thousand hands, and the capital 
involved in the industry averages about £150,000 per 
company. 
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The main difficulties of the industry in the past have 
largely arisen by reason of the very great fluctuation which 
has been experienced in the demand for machine tools, 
resulting, especially since 1919, in a succession of feast and 
famine conditions which has proved a severe strain on the 
industry and has resulted in the elimination of many old, 
experienced and well-known machine-tool makers, whose 
existence to-day would have been greatly to the national 
advantage. 

As a concrete example, 1928 was, on the whole, a reason- 
ably good year, and if the output for that year be taken as 
a 100°, standard for the industry, investigation will show 
that the corresponding figure for 1932 was about 31°. 

Any business man will appreciate the difficulty of trying 
to organise, on a profitable basis, a highly competitive 
industry whose output can fluctuate by nearly three and a 
half times in so short an interval. 

Steady Demand Needed 

It may surprise some to refer under present conditions to 
machine-tool building as a highly competitive industry, 
but such, in normal times, it is. For although in war, or 
specially good peace times, the demand exceeds the capacity 
of the industry to supply, in bad times it is most difficult 
to sell machine tools at all. 

If a user's works is not fully employed it will often have 
an equivalent or duplicate machine available in case of 
need, and probably no money available for the purchase of 
new plant. In the last ten years, too, subsidised foreign 
competition has been very fierce in many instances both at 
home and in almost all export markets. 

The difficulty, then, in the past has often been to 
accumulate sufficient reserves in the few good periods to 
permit of survival through the bad. The elimination, or at 
least damping down, of this great oscillation in demand is, 
in the writer’s opinion, the whole crux of the matter. And 
because the machine-tool industry is not, relatively to 
general industry, a large one, he believes that if the will is 
there a way can be found to achieve the steadying of 
demand into a more even tlow. 

Here, as a sequel to the present circumstances, one may 
reasonably hope for some constructive action by the 
Government, who, to-day, fully control the industry. 
Normally, it would, perhaps, be difficult to find a greater 
individualist than the machine-tool maker, but to-day 
normal conditions have vanished, and with them, to a great 
extent, the opportunities for individualism. 

The conditions under which the control is withdrawn will 
have a far-reaching effect on the future of the industry. 

Some New Features 

Here are a few factors that deserve consideration, To-day 
all machine-tool works are running very long hours, and in 
consequence depreciating their equipment at a rate two or 
three times the normal, yet depreciation allowances made 
to the industry by the taxation authorities are admittedly 
quite inadequate under normal conditions, and even more 
inadequate to-day. Again, the fixing of machine-tool 
prices at a standard of 22)°,, over December, 1935, prices 
bears little relation to the increases in costs of labour and 
materials, for which 45°, would be a more reasonable 
figure. 

The effect of these conditions is to make it difficult to 
maintain pre-war profits on even double or treble pre-war 
output. It may be said that, in fact, there is little hardship 
in this because if greater profits were earned E.P.T. would 
swallow the difference, but whichever way the matter is 
examined the clear conclusion is that machine-tool makers 
are being placed in the unsatisfactory position that, on the 
one hand they are overworking their plants to early 
destruction, and on the other they are in most cases pre- 
vented from earning and accumulating the reserves 
necessary to cover their replacement when opportunity 
offers. It must be obvious to all that if after the war the 
industry is to be put into a fit state to meet world com- 
petition, some arrangement must be made to cover the 
financing of this re-equipment, Such work in itself should 
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then provide a reasonable volume of demand for machine 
tools. 

A very important stimulant to the industry would be the 
amendment of our present taxation arrangements whereby 
all new plant purchased is charged to capital account and 
thus brought into taxation as a profit. We are about the 
only country in the world where this is done, and it has 
a very bad effect in that it encourages the patching, repair- 
ing, and reconditioning of obsolete equipment far beyond a 
reasonable working life instead of replacement by new and 
more efficient tools. 

There can be little doubt that the present arrangements 
are a serious handicap to the British manufacturer in 
competition with, for example, the American, who is per- 
mitted to charge his new equipment against revenue, and 
who has in consequence every incentive to keep his plant 
fully up to date with the latest and most efficient equipment, 
thus securing considerable advantages in the way of 
improved and cheapened production. 

Whatever eventually is done, it is clear that the circum- 
stances place a grave responsibility for the future on the 
Government. In the national interest they have taken 
over the control of the industry so that its products may 
be used to the best possible purpose in the national war 
effort, and there can be no denying that in time of war the 
co-ordination implied by such control is of vital importance, 
but, having thus taken over the reins it is only just that 
they should be handed back with the horse in good running 
trim, and before it as smooth a road as possible. 


By A. BUTTERWORTH, M.1.P.E. 


Director, ** Butterworth”’ British Automatic Machine Tool 
Co., Ltd.) 

T will be impossible to foretell the conditions that will 
I exist at the termination of the present war, but that 

should not exclude any industry giving some considera- 
tion as to how future problems should be tackled, on the 
assumption that certain conditions will actually exist. 
Anyone acquainted with the number of machine tools 
built, building, and to be built, to deal efficiently with the 
requirements of mechanised warfare and aircraft production, 
will realise that there is bound to be a large surplus over 
the normal peace-time requirements. 

It is important that the blunders made at the termination 
of the 1914-1918 war should not be repeated. Then, new 
machine tools for which the Government had paid high 
prices to America were sold for scrap value. For example, 
new American automatics, never unpacked, and for which 
the Government had paid approximately £1,000 each, were 
sold for £25 each. 1 must admit that though some manu- 
facturers derived some benefits by installing new plant at 
low figures, these cases were the exception. By contrast, 
the general result, considered nationally, was disastrous, 
and the British machine-tool industry was practically put 
out of business. It would have been in the national 
interests to have stored or scrapped the machines, or 
preferably only sold them to actual users and insisted that 
at least one machine should be scrapped for each new one 
purchased from Government stocks. Personally, I am not 
too hopeful that the blunders perpetrated after the last 
war will not be repeated, unless a considerable change 
takes place in the attitude of Government officials, and a 
firmer and more united action is taken by the British 
machine-tool makers. 

Neither the Government nor the machine-tool industry 
fully appreciated the extent to which machine tools would 
be required for total war by means of mechanised forces and 
an immense air force. The attitude expressed by a Cabinet 
Minister, when replying to a question on food policy in the 
House of Commons, when he stated: “*. . . we should 
look such fools if we prepared for a war which never came,” 
an be applied to the attitude taken in respect of machine 
tools. Can you have greater folly than relying on your 
potential enemy for such a large number of machine tools 
for equipping Government factories, and industry generally. 
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The height—or should it be the depth ‘—of this folly being 
all the greater if it is appreciated that, in some instances, 
equal, and in one important class better, machine tools 
were being produced in this country. I personally spent a 
considerable amount of time trying to persuade the Air 
Ministry that better machine tools could, in certain specified 
cases, be obtained in this country. Evidence was sub- 
mitted proving my contention, but without avail. Early 
in 1937 I expressed the opinion that war was inevitable, 
and that Germany could entirely wreck the first aircraft 
expansion scheme if she declared war within 12 months. 
To say that this was considered to be ridiculous would be 
putting it mildly. Later, when the second expansion 
scheme was contemplated, I repeated that more British 
machines, especially automatics, should be bought in 
preference to German machine tools. No examination was 
made of the claims I made, nor were any tests made, in 
spite of efforts to persuade the Air Ministry to decide that 
machine tools be bought on merit. I was told that the 
machines for the first scheme had been delivered, and they 
(the Air Ministry) had every confidence they would get 
delivery of the machines from Germany for the second 
scheme. This time, however, they were caught, and it 
would be interesting to know how many machine tools 
ordered for this country are now in use in Germany, and 
what loss of output, particularly of aircraft, resulted from 
this folly, also what amount of sterling did we make avail- 
able to Hitler by this policy, not forgetting the information 
given to Germany as to what our plans were, and their 
extent. 

Unfortunately, the false notion that a foreign machine 
tool must be good is not confined to Government officials. 
How often have works directors, etc., justified the purchase 
of a foreign machine tool, which has not come up to 
expectations, by saying we must keep in touch with the 
latest foreign developments, yet the same person will refuse 
to have on approval a British machine tool superior to the 
foreign machines of similar type. 

The British machine-tool industry has been built up by 
the ingenuity of certain families, and whether maintained 
on a family basis or not, the development has generally 
been on individualistic lines. This does not facilitate co- 
operative action. In no sphere has there been consistent 
unified action by British machine-tool makers. The only 
attempt at a common policy was the formation of the 
Machine Tool Trade Association, which was formed to 
regulate the exhibition of machine tools. After (I believe) 
only three exhibitions, the Association was used to prevent 
the holding of exhibitions. Strange as it may seem, the 
reasons that have actuated the Association not to hold 
certain exhibitions, which should have been held in 
accordance with a bond, have been :— 

1. The industry is too busy. 

2. The industry is too slack. 

The lack of an efficient and effective organisation has 
handicapped the industry in negotiations with Government 
Departments, and in my opinion contributed largely to the 
production of British machine tools not being as great as 
it ought to be. I must acknowledge a considerable improve- 
ment in the efficiency of the Machine Tool Trade Associa- 
tion, but it still suffers from having failed to realise early 
enough that its functions should be extended to cover other 
interests of the industry in addition to holding or with- 
holding exhibitions. 

For years I have wanted a more progressive policy to be 
adopted which would have strengthened the position of 
the industry generally, and have been more effective in 
negotiating with Government Departments, where “ red 
tape” and a short-sighted policy have been detrimental 
to the fullest possible development of British production, 
with the result that higher prices are being paid for American 
aachine tools that are not as efficient as corresponding 
British machines. 

It will be quite obvious that to a greater extent than was 
uecessary the Government, prior to the war, and now, is 
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strengthening the position of our competitors financially 
whilst hindering development in this country, and with 
100% E.P.D. putting a financial stranglehold on the 
majority of British machine-tool makers; thus, further 
developments and improvements are discouraged if not 
prevented, whilst our foreign competitors are free to 
develop improvements and new types, further strengthening 
their competitive position. 

The foregoing remarks provide a background which must 
be kept in mind when considering the future of the British 
machine-tool industry. 

My opinion is as follows :— 

Whatever type of British machine tool which will give 
more economical production than the alternative foreign 
machine tool, should be produced here in larger quantities, 
the extra amount of production to be divided, after a frank 
discussion, between the machine-tool makers concerned and 
the Machine Tool Controller, without interference or delay 
by the Treasury. Not only would this save “ exchange ” 
and “ shipping space,’ but would increase the number of 
British machine tools as compared with foreign machines. 


What will be the Position After the War? 


It is very difficult to be definite in statements made 
without knowledge of what the circumstances will be. 

There will undoubtedly be a considerable surplus of 
machine tools in this country, at the termination of 
hostilities, for normal peace production. A considerable 
number of new machine tools will have to be imported 
against orders already placed, but not completed, and a 
considerable number of British machine tools will be in 
production, originally ordered for war purposes. What is 
to be done? I suggest that when war production ceases 
all Government factories should be put on a maintenance 
basis, or all machinery cleaned and greased thoroughly and 
locked up for a period of time. With regard to new machine 
tools available and in production, the first opportunity 
should be given to British firms damaged, due to enemy 
action, to equip their works ; secondly, machines should be 
made available to works damaged in allied countries ; 
thirdly, all imports prohibited with the exception of 
machines of which no alternative is made in this country ; 
and lastly, British machine-tool makers to continue with 
orders on hand, whether for contracts or otherwise. 

To what extent the British production would be required 
to replace enemy damage in this country and abroad 
cannot be estimated, assuming there will be a surplus of 
British machine tools, and I would advocate that the 
amount of depreciation on all machine tools should be 
increased to 20°, providing the money is spent on new 
British machine tools and the machines being replaced 
scrapped beyond all possibility of further use. I would 
also advocate an exhibition of British machine tools, 
including such machine tools as have no British alternative. 
Whilst the exhibition is being arranged, steps should be 
taken to draw attention to the developments in British 
machine tools. Also, that machines of 20 years of age and 
upwards, instead of being show pieces in the production 
line, should be in the firm’s museum or on the scrap-heap. 
I would strongly oppose any Government subsidy to any 
industry which can be shown to be using out-of-date 
machine tools or machinery. 


We have received a number of suggestions designed to 
place the British machine-tool industry in a stronger 
position, but for any measure of success they would need 
the application of force while the country is at war, whereas 
our object is to assist a speedy and orderly recovery when 
hostilities cease. Many suggest that the time is not ripe 
for a public expression of opinion, but while we recognise 
that differences of opinion exist on this point, the fact 
remains that leaders of the industry will require vision of 
an outstanding order in planning for the future, 
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Development of British Machine Tools 


By William Ashcroft 


The British machine-tool industry can be said to have begun during that period known as the 


industrial revolution. 


Some of the factors which contributed to its growth are outlined. 


Attention is directed to the influence of cutting material developments on the design of machine 
tools, and it is claimed that British manufacturers have built up an enviable tradition in this 
field for excellence of quality and service from their products. 


HE machine-tool industry can be 
said to have had _ its initial 
beginning during the period 
covering the latter half of the [8th and 
the early part of the 19th century. 
During that period industry was so 
completely altered in character, and 
the daily life of the great masses of 
people so fundamentally changed, that 
it constituted an industrial revolution, 
About 1800 the hand spinning-wheel, 
the hand loom, and the plough remained 
almost unchanged from very early days, 
but the old machines became unequal to 
the demands made upon them. Every- 
where in England was felt the spur to 
invention, the desire for better means of 
communication by land and water, 

The first great series of mechanical 
inventions began when Kay patented 
the flying shuttle in 1733, a mechanical 
device which greatly increased the 
weaver’s power of work. In 1764 
Hargreaves invented the spinning jenny, 
a hand-power machine which could 
be worked easily by a child. A new 
principle was introduced in 1769 by Arkwright, who 
spun a finer and stronger thread by using a system of 
rollers, revolved at different velocities, and worked by 
water power. Samuel Crompton, in 1779, combined the 
principles of both these latter inventions in the mule, which 
produced a still stronger and finer cotton yarn that started 
a flourishing industry. 

Cartwright invented the first practical mechanical loom 
in 1785. This was followed by his machine for wool- 
combing in 1789. It was not until 1815, however, that the 
loom was perfected and came into general use. Improve- 
ments were constantly being made, and gradually the 
hand weaver disappeared, as the hand spinner had done 
before him. 

But these new machines, practically all of English origin, 
called for a new power. Horse-power was not unknown, 
but the hand or the foot of the worker was still the chief 
motive power. It was the use, first of water and then of 
steam, that made the revolution complete. Sheds for 
machines were built near waterfalls and rivers, but the 
supply of water was uncertain, and the ponderous steam- 
pump which had long been used in the mines was, in 1766, 
developed into a practical engine to drive the machines 
of the spinners and weavers. James Watt saw how the 
up-and-down stroke of the piston could be best applied to 
the rotary motion of the wheel and axle. His steam-engine 
was first used in the cotton mills, and soon in all the textile 
industries. 

The development of England’s vast mineral resources, 
checked in the 17th century by the lack of steam power, 
now proceeded apace. Abraham Darby had already 
discovered that iron could be smelted with coke, and the 
new era was ushered in by Smeaton’s blast-furnace in the 
Carron Iron Works, 1760. This method was soon improved 
by the use of steam, and by Cort’s invention, in South 
Wales, of puddling, in 1783, and his use of rollers instead 
of sledge hammers in the making of iron bars in 1784. 
John Wilkinson, the first of the new ironmasters, was 


Assembling No. 4 senior capstan lathes at the works of Alfred Herbert, Ltd. 
The Herbert preoptive headstock incorporated in these machines enables 
any speed between 42 and 1,000 r.p.m. to be selected in advance while cutting 
is in progress. 


thought to be iron-mad, because he believed that iron 
could be used for building bridges, ships and houses. There 
seemed no end to the uses to which iron and steel, first 
cast by Huntsman at Sheffield, could be put. 

Early in the 19th century the industrial revolution was 
virtually complete. The economic structure of England 
was altered. Steam and machines had already driven out 
the old hand-work in all the principal industries. The 
introduction of canals, forming a cheap means of transport, 
had been effective in stimulating trade. Progress was rapid, 
and in conformity with development, the time became ripe 
for the establishment of enginvers’ works definitely designed 
to specialise in the production of particular types of 
machinery, the insistent demand for which could not be 
met by the small inefficient workshops then predominating. 
Problems of equipment were then encountered. It was 
soon realised that machine tools provided the basis for 
industrial production ; not only were they necessary for the 
manufacture of every class of engine and kind of mechanism, 
but for every manufactured product. 

Little could be done with castings and forgings unless 
certain surfaces were finished smoothly and accurately to 
size, in order to produce accurate fitting or to enable a part 
of a mechanism to work. Beginning with the demand of the 
builders of steam-engines for machines that would bore 
cylinders more nearly round than the early crude machines, 
machine tools have been developed to a remarkable degree. 
The substitution of power-driven machinery for manual 
labour, which began in England during the period men- 
tioned, gradually spread throughout most Occidental 
countries and gained momentum in the United States 
during the closing stages of the 19th century. 

For many years the lathe was the only machine tool : 
it is in fact the parent of all machine tools, and many of it: 
elements are curiously traceable in many kinds of machines, 
including new types not known thirty or forty years ago. 
Machines derived from the lathe include boring, drilling, 
milling, sawing and grinding machines. In the early days 
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new lathes were frequently made in the engineers’ work- 
shops, where they were to be subsequently used, and much 
initiative and inventive genius was displayed in modifica- 
tions and in the manufacture of jigs to widen the scope of 
the machine ; many were regarded as great secrets, not to 
be divulged under any circumstances. Some works pre- 
pared their own designs and engaged small jobbing smiths 
to manufacture the lathe. At first machine tools were made 
slowly and laboriously with hammer, chisel and file, but 
with the development of the planer many parts were 
readily and accurately surfaced by being passed under a 
tool. The accuracy obtained was not strictly comparable 
with that now possible, but it proved a great advance on 


The slotter department of the Butler Machine Tool Co., Ltd., 
showing part of the assembling section. 


previous practice. Then for smaller articles the shaper was 
developed ; in this the metal part to be surfaced remained 
fixed on a table while the tool was reciprocated by a ram. 
The slotter was a further development, though in principle 
it corresponds to a vertical shaper, the tool moving up and 
down and cutting along surfaces according to the manner 
in which the table feeds the metal part to the tool. 

All drilling and boring was at first—and much of it still 
is—effected in the lathe, but the upright drilling machine, 
in which the component to be drilled can be held in a more 
convenient position while the drill descends on it was soon 
developed. Horizontal boring machines, too, were 
originally built with very slight differences from the lathe ; 
but modifications were gradually extended until the 
horizontally boring machine was radically changed in 
appearance. Though the revolving spindle remained, the 
essential differences provided greater adjustability to suit 
different sizes of work and improved means of holding the 
latter. In more modern times the speed range of both 
drilling and boring machines has been greatly enhanced, and 
is often more extensive than the lathe. Probably the main 
developments have been in high-speed sensitive machines, 
in heavy duty vertical machines, and in the radial type, in 
which much of the mechanism has been transferred from 
the base of the column to the head, and all the controls are 
now easily accessible to the operator, who need not move 
from his working position. Mention should also be made 
of the development of the multi-spindle machine, which 
has greatly increased production capacity. 

Milling was originally performed in the lathe; the 
rotating cutter being driven by the spindle while the metal 
component was fed under it by the slide rest, and from that 
principle scores of different kinds of milling machines were 
developed, in which cutters of various shapes could be 
utilised not only to finish flat surfaces, but curved surfaces, 
slots, and every conceivable shape required in metal 
construction, from the smallest to the most massive. Like 
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the milling machines, sawing machines have a rotary drive 
to a many-toothed tool, but in sawing machines the cut is 
comparatively narrow and the feed only has to cause partial 
or complete penetration through the metal, thus cutting 
serves to make slots as well as severance. The reciprocating 
saw so commonly used is merely a mechanical adaptation 
of the hand-saw. All grinding also was formerly done on the 
lathe, and its chief purpose was to correct the bearing parts 
of spindles which had been hardened and had warped. 

The grinding of components was also formerly done in 
the lathe, and its chief purpose was to correct the bearing 
parts of spindles which had been hardened and had warped 
in the process. Gradually, however, the advantages asso- 
ciated with this type of machining became appreci- 
ated, and with the development of centreless 
grinding machines, the use of wide grinding wheels, 
the growth of the ring-wheel grinder, and automatic 
sizing grinders, great progress was achieved. 
To-day the need for high finish and a close degree of 
accuracy have favoured the increasing use of 
specially designed grinding machines. 

For a great many years gears were cast, but 
in this condition the speed at which they would 
function was limited ; some improvement in accuracy 
was obtained when facilities were developed for 
machine-moulding the teeth on gears, but with the 
gradual speeding-up of machinery it became 
apparent that better gears were essential, and 
both the milling machine and the planer or shaper 
were brought into use for machining the teeth. 
The accuracy depended upon the proper shaping 
of the teeth of the cutting tool and the spacing 
of the indexing mechanism. Both these conditions 
still affect the accuracy of gears, more in some 
types of machines than others, but with improved 
methods and materials, extremely accurate work is 
now produced by these means. The designing of 
machines that could generate the teeth shape of the 
desired curve was first accomplished on the planer type of 
machine, and later by the hobbing or continuous milling 
process. Both of these have grown to be standard methods, 
and many types of machines are now in regular use ; they 
are completely automatic once the gear-blank has been 
fixed in position. 

The main principles of the engine lathe continued to 
apply for a great many years, although modifications were 
made from time to time with the object of improving its 
efficiency. Probably the first development away from what 
is still regarded as the engine type of lathe was to replace 
the back centre with a turret for handling several tools 
which could be presented to work held in a chuck one after 
the other. This multiple tooling permitted several opera- 
tions to be performed in rapid succession at one setting of 
the work. These have now been developed in many forms, 
and semi- and fully-automatie turret lathes now produce 
intricate parts with great accuracy and speed. Modifica- 
tions have been incorporated by which several work spindles 
are indexed from one position to another so as to present 
different tools to the work in the proper sequence. 


The Influence of Cutting Materials on 
Machine-tool Design 

With the growing increase in the need for machinery of 
various kinds, there was a continual desire to speed up 
machining operations, but prior to 1870 cutting was 
performed exclusively by high-carbon steels made by the 
crucible and cementation processes. High rates of cutting 
speed with these steels is impossible, since the friction 
between chip and nose of tool generates enough heat to 
draw the temper of the tool. This is avoided by using 
special alloy steels, which temper very slowly, retain their 
hardness at relatively high temperatures, or are in- 
trinsically hard and require no heat-treatment. Mushet 
steel is of the first category and was introduced about 
1870; high-speed steel, which has the property of high 
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Part of the heavy erecting bay at,the works of Kendall and Gent., Ltd. 


hardness at a red heat, fulfils the second category ; while 
Stellite, consisting essentially of tungsten, chromium and 
cobalt, and the sintered carbides, introduced about 19238, 
are materials of great hardness which have proved in- 
valuable for cutting tough or abrasive materials. 

Mushet found that the metals tungsten and chromium 
in high-carbon steel slowed down the softening reactions, 
so that a drastic quench was unnecessary. He discovered 
that steels alloyed with these elements had air-hardening 
properties, and this led to increased cutting speeds. But 
when, in 1900, F. W. Taylor disclosed the fact that if 
Mushet’s air-hardening tungsten-chromium steels were 
cooled from a sweating temperature and then tempered at a 
high temperature, they would retain their hardness at a 
red heat. This fact can be regarded as the initial discovery 
of high-speed steel. Taylor did not attribute the higher 
speed capability of the steel that became known as 
* Taylor-White ” high-speed steel to any new elements 
nor to different proportions of the elements for even 
with a tungsten content of only 1°, and chromium a slow 
as 0-5°,, heating the steel almost to fusion imparted to 
the steel an entirely new property—red-hardness—the 
property which enables these tools to run at high speeds. 

The next step towards higher cutting speeds was to 
increase the tungsten and chromium content but although 
improvements were continually being made the simpler 
carbon steel tools hung on with tenacity. Not only was 
this steel more expensive but it was difficult to forge and 
failures increased the cost. Such was the position in 1906 
when it was discovered that the element vanadium, even in 
the smallest quantities, toughened the steel and increased 
its durability. A cutting speed of about 100 ft. per min. on 
steels of medium hardness became possible against speeds 
of about 50 ft. with steels of the original Taylor-White 
type 30 ft. with Mushet and about 15 ft. with the finest 
carbon steel. Progress since then has come in working out 
the optimum composition in tungsten, chromium, carbon 
and vanadium, but the revolution in machine-shop practice 
was primarily due to the hardening and stabilising effect 
of tungsten, chromium and iron carbides. More recently, 
the addition of cobalt has been found to give a more 
durable cutting edge at a red heat, while to some extent 
molybdenum has been added to displace part of the 
tungsten, 

Meanwhile, Haynes had discovered a non-ferrous metal 
consisting essentially of tungsten, chromium and cobalt, 
which also possessed, to a marked degree, the quality of 
red-hardness, enabling it to cut at speeds sufficient to give 
it a red heat. This material, known as Stellite, produced 
results beyond those possible with the finest high-speed 
steels ; speeds of 300 ft. per min, when cutting medium 
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strength steel became possible. Subsequently, 
cutting speeds were further increased by the 
development of sintered carbide materials which 
have facilitated the use of speeds at one time 
thought to be impossible. It is interesting to 
note, however, that high-speed steel continues 
to hold a very strong position in competition with 
the harder-cutting materials which have since 
been developed. 

These developments in cutting speeds had con- 
siderable reactions on machine-tool design. |The 
gradually increasing stresses imposed on _ the 
machine necessitated modifications to resist bend- 
ing and twisting, and the increased speeds 
involved improved bearings. Each step forward in 
cutting-tool efficiency reacted on the design of 
the machine. The steam-driven engine designed 
to supply the power for all the machines in a 
shop was discarded in favour of an electric motor, 
but the inefficiency of power transmission from 
a single motor was gradually supplanted by group 
drives, where several motors were used, each of 
which supplying the power for a particular group, 
and subsequently to the more modern individual] 
drive from a self-contained motor, in which the 
power available is many times that for a similar sized 
machine tool formerly used. 

To-day, machines are built to withstand the stresses 
imposed by modern high-speed cutting ; they are designed 
to take full advantage of rapid production and economy 
possible with modern cutting materials, and possess greater 
mechanical stability and power than previous designs of 
similar type and size. Rigidity of the machine tool, when 
operating at high speeds, is now recognised as essential, 
because modern machine-shop practice demands an 
accuracy well within a thousandth of an inch, or even two 
or three ten-thousandths of an inch, where formerly a few 
thousandths was permitted. Obviously, for such accuracy, 
vibration of the machine tool must be avoided ; apart 
from this, however, any vibration may cause chatter when 
cutting, which may have disastrous results upon the tool, 
especially if it is tipped with one of the many carbide 
cutting materials. 

British Machine Tools 

The greater part of the earlier pioneer work in the design 
of machine tools was done in England. As already men- 
tioned, the earlier engine lathes were frequently built 
very slowly and laborously in the engineers’ workshops 
where they were to be subsequently used, or they were built 
in small jobbing works that sprang up in the early part of 
the 19th century. Gradually, however, certain firms earned 
high reputations for particular types of machine tools, and 
by improved designs and good workmanship were able to 
develop the scope of machine-shop practice. With the 
coming of the motor-car, considerable financial support 
became available to develop its possibilities, and specially 
developed machine tools were recognised as essential 
investments for this purpose. Machine-tool manufacturers, 
consisting mainly of family organisations, had already been 
established, and a certain amount of specialisation was in 
evidence, mainly due to the fact that certain manufacturers’ 
names became associated with types of machines, for the 
development of which they were largely responsible ; it is 
not surprising, therefore, that as the demand on machine 
tools became more exacting there was a direct trend towards 
specialisation, not only in the type of machine tool, but to 
some extent in the size. To-day, machine-tool design and 
manufacture is highly specialised, and the British industry 
is still largely comprised of family concerns. 

It has only been possible to outline very briefly the 
history and development of the British machine-tool 
industry, many factors of at least equal interest and 
importance have necessarily been omitted, but it is true 
to say that a tradition has been built up of which the 
industry is justly proud, Despite great fluctuations in 
Continued on page 149 
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Progress in Machine Tool Castings 
By E. Longden, A.M.I.Mech.E. 


(Foundry and Pattern Shop Manager, Messrs. Craven Bros., Ltd.) 


Although present industrial gains are small in comparison 


with the colossal 


devastation wrought by the war, the impetus to the advancement of manufacturing 
methods will be reflected in a permanent gain to the foundry and engineering industry. 
Progress in the production of machine tool castings is briefly reviewed. 


improvement in the manufacture of machine tool 

castings, both in respect to relative production 
costs and the quality of the components. The forward 
movement has not been retarded because of the exigencies 
of the war. Instead, it can be stated that the need of 
“the hour” has quickened the initiative of the personnel 
controlling casting production. The impetus given to the 
advancement of manufacturing methods in certain classes 
of casting production, such as for machine tools, will be 
reflected in a permanent gain to the foundry and engineering 
industry. The gains in industries, generally, will, of course, 
look diminutive beside the colossal devastation wrought by 
the war. However, by comparison, the advance in technical 
and practical methods of production wil! be of permanent 
value to mankind. 

The growing efficiency of the foundry industry is now 
clearly seen in its ability to provide easily all the castings 
of whatever quality required for the engineering trades. 
The machine tool foundries have been pioneering consider- 
able innovations in production methods so the posi- 
tion now is that in spite of the rapid improvements in 
machining, and the effect of improved machining on the 
work of assembling and fitting machine tools, the foundry 
is right on the top and is well above meeting the require- 
ments for castings. 

It is impossible in the confines of this article to do more 
than briefly outline what has been accomplished, and to 
refer to future trends in manufacturing methods. 


D URING the last ten years there has been a marked 


Lines of Progress 


Mechanisation.—Where repetition and quantity produc” 
tion methods are possible, developments are in the direction 
of continuous moulding and casting operations. In the light 
repetitive class of machine tool foundry synchronised and 
complementary machinery is now well established. Where 
the product is of a semi-repetitive nature, modification of 
the continuous operating systems is employed. 

The modern and heavy machine tool foundries are adapt- 
ing certain sections of the mechanism used in continuous 
casting systems, and the provision of adequate lifting 
appliances and melting plant. 

Whilst mechanisation has been in excess of practicability 
in certain foundries, it provides a very excellent urge. Any 
piece of mechanism which reduces the heavy labour of 
foundry work should be employed, even if the margin of 
gain in costs is small. If the heavy work is taken away from 
the moulder, for instance, he suffers less from fatigue and 
his mental alertness and energy is reserved for the more 
skilled sections of mould production, resulting in more 
accurate and higher quality work. It is doubtful whether 
uny trade calls for such a combination of mental and 
physical energy as is needed for the general medium and 
heavy class of castings of a non-repetitive nature. 

Materials.—The quality of the casting is the main con- 
sideration of the machine tool designer. The ever- 
increasing demands of the designer have been met by a 
steady improvement in foundry technique. Alloying of 
netals and improved methods of moulding have been 
‘ireeted to ensuring soundness in all sections of a casting, 
and on the sliding surfaces resistance to wear also. 

The improvements from the angle of mould construction 
have been facilitated by the greater knowledge of the 


Fig. 1.—Gun-tube boring machine, in which the castings 

range from a few ounces to about 40 tons each. Although 

mainly of cast iron, steel and bronze castings are also 
included. 


influences of mould materials on the constitution of metals 
and a greater appreciation of the value of an ordered rate 
of progressive solidification. Progressive solidification is 
obtained by a careful study of the sections of the metal in 
relationship to the gating and feeding system, and the 
nature and condition of the mould materials. Strong moulds, 
preferably dried, will present a rigid resistance to ferro- 
static or fluid pressure in all metals, and in the case of 
cast iron, opposition to shell expansion due to the growth 
of graphite precipitated from solution. Heavy sections of 
a casting may be cut off from a feeder head by an inter- 
vening thinner section. Such a thick section can only be 
fed sound by introducing in the mould, around the thick 
section, a material of higher thermal conductivity than in 
the mould covering the thinner sections, thus inducing 
the metal in the thicker sections to freeze before the 
thinner sections, which are, in turn, supplied with fluid 
shrinkage metal from a feeder head. Sliding surfaces are 
densened by employing metallic and non-metallic substances 
of varying degrees of thermal conductivity. 

The metals employed in machine tool castings vary con- 
siderably, as can be appreciated by an examination of two 
extreme examples shown by the 177-ton 5l-in. gun tube 
boring machine, illustrated in Fig. 1, and the 1}-ton rigid 
milling machine, shown in Fig. 2. In a large lathe the 
individual casting weights may vary from a few ounces to 
40 tons. These extremes in weights and the various ferrous 
and non-ferrous metals used in fabricating machining tools 
calls for sound metallurgical considerations. 

The principal metals employed for castings vary, as 
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machine which 
malleable iron, aluminium and steel castings, as well 
as the main structural iron castings. 


Fig. 2. Rigid milling incorporates 


shown in Tables | and Il. Aluminium and white metal 
alloys are also used, but they form only a small percentage 
of the total metals in a machine tool, 

The class of metal is indicated on the photograph in 
Fig. | and Fig. 2 by “SS” for steel, ““C” for cast iron, 
“M” for malleable iron, and * B” for bronze, and “A” 
jor aluminium, 


FERROUS ALLOYS 
Percent Composition 
Total Silicon, | Manganese Phos Sulphur.) Nickel. | Copper 
Caurbor phorus | 
Cast iron oe Nil Nil 
to to to to to to to 
i 1 1 1-5 
~teel ood Te Nil 
t te t to t to 
White heart 1-5 Ons 
Malleutole to to to t to 
TABLE 
NON-PERROUS ALLOYS 
Percentage Composition 
Copper rin Lead Nickel Phosphorus, 
Phosphor bronac Remainder 
to to 
Leaded bronze Remainder Nil Trace 
t to to 


Centrifugally Produced Castings 


Of the various known methods of producing non-ferrous 
castings of certain types of cylindrical and circular shapes, 
particularly gear blank rings in phosphor bronze, the 
centrifugal process stands out clearly as the most satis- 
factory method for making components of superior physical 
and mechanical properties. It will be found that a bronze 
alloy, which yields poor results when poured in a stationary 
mould, will possess excellent properties if cast in a metal 
mould, and if poured in a centrifugal machine its tensile 
strength, resistance to wear, shock and corrosion often 
being increased by as much as 30 to 40°, over castings 
produced by the ordinary methods. 
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Where a bronze alloy is spun cast, with the mixture 
pouring temperature and mould temperature carefully 
controlled, the very best properties are imparted to the 
casting. In non-ferrous metals, particularly phosphor 
bronzes, segregation difficulties arise whilst the metal is 
solidifying. An understanding of the process of solidification 
is the basis of satisfactory casting production. Both 
chemical and physical changes take place during solidi- 
fication and cooling, and all metals have a different range 
of temperature during which solidification takes place. It 
is quite possible, therefore, that whilst the constituents 
are strictly in their correct proportions, the physical 
properties of the material will be poor, due to incorrect 
pouring temperature, speed of pouring and time of 
solidification. 

Segregation of the constituents and change in elements 
occur during the pasty stage of solidification, and it is for 
this reason that the solidification period should be shortened. 
This can be aided by careful control of the pouring tempera- 
ture, constitution of the alloy, mould temperature and the 
application of centrifugal pressure during pouring and 
solidification. 

The structure of a centrifugally made bronze casting is 
ideal. The fine grain and great homogeneity increases its 
elasticity, tensile strength, resistance to shock and durability 
far beyond that of metal poured into a still mould. There- 
fore, centrifugally produced bronze castings are provided 
for machine tool requirements wherever practicable. 

The influence of the spinning process on the quality of 
cast iron is no greater than when the metal is poured into 
a still metal mould. The spinning of steel castings has 
progressed little, because of the very high temperatures of 
the metal and its effects on the metal of the centrifugal 
mould. The short freezing range of steel also militates 
against the production of sound castings in a centrifugal 
machine. 

Any consideration of the metals for making machine 
tools must not only be concerned with strength and 
rigidity, but also with the vital property of wear resistance. 
Cast-iron and bronze castings are employed for sliding, 
reciprocating and revolving motions. 


Wear and Friction 

Wear of a component may be defined as a change in 
dimensions brought about during service under friction 
pressure. The change may be gradual or rapid, and may 
embrace a deformation in addition to the removal of metal 
from the contact surfaces of the metal. 

Wear due to the friction of contact points is lessened 
by a choice of metals, often of a dissimilar constitution, 
to oppose each other, but more so by providing correctly 
machined surfaces with an adequate lubricating system. 
If an oil film is present between two sliding surfaces it 
affords complete protection for the opposite metals. This 
statement is correct for conditions ensuring clean oils of 
the right analysis. It is probable that if wear takes place 
it may be due to particles of abrasive matter carried by 
the oil. Dust borne by the air deposited on oily surfaces 
may not cause obvious scoring of sliding surfaces, but it 
may cause wear. ‘The filtration of the very fine dust 
particles is not possible with the ordinary system of 
filtration. The process of running-in is a most important 
aspect of wear. The adjustment of the contact surface 
shapes to correspond with each other to enable a fluid film 
to operate is vital. If the fluid film is not sufficient to 
separate the surfaces beyond the highest point there will 
be metallic contact, and probably conditions not only for 
wear but actual scoring of surfaces. 

The properties of metals in sliding contact must, there- 
fore, be of such a nature so that when the ideal conditions 
of oil film separation fails temporarily, an undue rise in 
temperature is not registered from the heat generated 
during the friction of the metallic surfaces. Bronze alloys 
with a duplex structure of a hard and soft matrix and cast 
iron, carrying graphite carbon and fine graphite fissures, 
are proved metals for sliding surfaces. 
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Cast iron constitutes from 80 to 90% of the weight of 
machine tools. Attention will consequently be focused 
on this adaptable metal. 

The trend is in the direction of producing more lower 
carbon cast irons (true semi-steel) than in the past to 
replace steel castings. Such irons may be straight cupola 
irons, or of the inoculated classes, containing one or more 
of the elements, nickel, copper, chromium and molybdenum. 
The type of furnace for producing the newer high-duty 
cast irons of low carbon content is compelling greater 
attention to the melting medium. The cupola is the 
cheapest and most popular type of furnace for producing 
cast iron. Ease of production will, therefore, accelerate 
improvements to cupolas to produce low carbon cast irons. 
We are aware of major developments in cupola design 
which will yield very low carbon irons. The designer will 
thus be able to apply cast irons to replace steel where 
the special properties of cast iron are more desirable 
than steel. 

In medium and heavy machine tool manufacture, zinc 
has long disappeared from the non-ferrous alloy mixtures. 
The future will see its complete disappearance in light 
machine tool engineering also. 

No appreciable developments can be foreseen with steel 
castings, except a limited encroachment by steel fabricated 
parts. 

Undoubted improvements in machine tool performance 
and design will largely determine the rate of progress in 
the metallurgical field. Any extended reference to design 
is beyond the scope of this article. But the developments 
in design are towards increasing the unit size of certain 
classes of machines and improving the efficiency of the 
standard sizes of machines generally. The improvements 
in design call for increased efficiency from the castings in 
the form of strength, rigidity, stability and wear resistance. 
The properties are very much inter-related. Stability in a 
casting is improved by stress annealing at temperatures 
between 350° to 400° C. The annealing of small and medium 
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Fig. 3.—-A 21-ton cast-iron spindle fitted with a cast 
steel helical gear. The composition of the metal in the 
main casting was checked at 3.05°,, carbon, 0.81°, silicon, 
0.44°,, phosphorus, 0.46°,, manganese and 0.13°,, sulphur. 
The average metal thickness is 2} in. The casting proved 
to have an excellent surface after machining and grinding, 
and its production provided considerable interest. The 
spindle revolves on a number of substantial phosphor 
bronze pads, all being accommodated in the headstock 
shown in Fig. 1. 


castings is not difficult, but large castings, which need stress 
relieving more than smaller castings, cannot be conveniently 
dealt with by annealing. 


Development of British Machine Tools 


(Continued from page 146) 


the demand for machine tools, it can be said with confidence 
that, in both busy and lean times, the industry has con- 
tinuously been associated only with the best machine tools 
produced ; in this field British manufacturers remain pre- 


An erection bay at the works of the Churchill Machine Tool Co., 
Ltd., showing a large batch of automatic sizing internal grinding 
It is noteworthy that, until two or 
three years ago, American machine-tool makers had almost a world 


machines in course of erection. 


monopoly in this type of grinder. 


eminent and are well worthy of the reputation for quality 
which has been maintained so creditably, and which has been 
especially emphasised during the last ten years ‘or so. 
To-day the works of these manufacturers are very extensive, 
and equipped with modern machine tools, 
so that quality machines to meet most 
exacting demands are economically pro- 
duced. Under fair conditions of trade, 
British manufacturers fear no competition 
in home or overseas markets when quality 
and service, coupled with economical con- 
siderations, are the deciding factors. 


Institute of Marine Engineers 
Awards 

The Council of the Institute of Marine 
Engineers have awarded the Denny Gold 
Medal for 1940 to Mr. Sydney A. Smith, 
M.Sc., for his paper on ‘ Marine Steam 
Turbine Design,” the Institute Silver Medal 
to Professor E. Forsberg for his paper on 
* Oil Purifving with Continuous Lubrica- 
tion,” and the Junior Silver Medal and 
Premium to Mr. R. A. Collacott, B.Sc., 
for his paper on “ Heat Insulation of Cold 
Stores.” The Extra First Class Engineer’s 
Medal has been awarded to Lieut. (E.) J. F. 
Tucker, R.N.R. These awards were pre- 
sented by the President, Sir Percy Bates, 
at the Institute’s annual general meeting 
on March 14, at the Connaught Rooms. 
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Machining Aluminium Alloys 


The fundamental rules governing light alloy machining are given in order to 
eliminate as much as possible tedious preliminary work and to assist in the 
discovery of the best practice for individual components. 


attentions to steels and non-ferrous metals like 

brass and bronze are now engaged in the mass 
production of parts machined from extruded, rolled and 
cast aluminium alloys. These light alloys are not difficult 
to machine, in fact, due to the high speed and ease with 
which they can be machined, aluminium-base alloys are 
often more economical to use than other materials, but 
their particular properties require a special technique if 
full advantage is to be taken of the economy resulting 
from the high speed at which they may be worked. 

The large variety of alloys now in use makes it impossible 
to generalise, as some of them demand greater attention to 
detail than others. Apart from their chemical composition, 
they may comprise components which 
are cast, forged, rolled or drawn, or ex- 
truded, and they may or may not be heat- 
treated, and the form in which the material 
is used may have just as great an effect 
on its machinability as its composition. 
It is no more possible to recommend tools, 
speeds and technique which are suitable 
for aluminium as well as for the different 
alloys, than it is to give one standardsed 
practice for all the copper alloys or steels. 
They may, however, be conveniently 


IN iicttentions firms who have previously confined their 


machinability of an alloy at some expense of tool life. 
Precipitation treatment may greatly improve machining 
properties, but, as it also hardens the alloy, tool wear 
usually becomes a little higher. Castings incline to more 
free cutting than wrought alloys, since the structure is less 
homogeneous and the constituents situated at the grain 
boundaries assist in chip breakage. These constituents are 
largely broken down by the working which wrought 
materials receive during manufacture. When wrought 
materials are required to have cutting properties, special 
elements are introduced into their composition which 
cause chip breakage. Such elements are usually metals 
which are either insoluble or of very limited solubility in 
aluminium, 


divided into groups, each of which 
possesses more or less distinet machining characteristics. 

Aluminium and its alloys possess in greater or lesser 
degree a number of physical and mechanical properties 
which profoundly affect their amenability to machining. 
The chief of these are the comparatively low resistance to 
penetration as typified by Brinell and diamond hardness 
values, the elastic modulus of only 10,000,000 Ib. per sq. in., 
comparatively high coefficient of friction on steel, high 
thermal conductivity and coefficient of expansion, and 
relative low notch impact strength. Considerable variation 
of these properties is to be found in the different alloys, 
involving corresponding variations in the technique of 
machining, but in general they may be said to be character- 
istic of this material, 

It is possible to deduce a rough relationship between 
the Brinell or diamond hardness of the alloy being machined 
and the desired angle of the tool. This course is adopted 
by the Research and Development Department of Northern 
Aluminium Co., Ltd., in their recently published bulletin 
on machining of aluminium alloys, and the table of turning 
tool angles is reproduced in Table 1. It shows that the 
smallest angles are required for aluminium and the softest 
alloys, while the largest angles are used for the hard alloys. 

This table can be taken only as a general basis, since 
such factors as the chemical composition and the mechanical 
condition of the alloy exert considerable influence upon 
both surface finish and tool wear. For example, alloys 
containing high percentages of silicon require to be machined 
much more slowly than their hardness would suggest, and 
in order to obtain fine surface finish it is necessary to use 
tools tipped with cemented carbide. Indeed, when 
machining automobile pistons cast in these alloys, it is 
usual to follow this with a fine cut with a diamond tool, 
since the presence of occasional particles of free silicon 
will in time dull the cutting edge even of tungsten carbide. 

Alloying elements, such as copper, zinc and magnesium, 
all of which form solid solutions with aluminium, tend to 
assist machinability. Other elements like silicon and 
manganese, which form very hard or tough constituents, 
are liable to increase tool wear and reduce the quality of 
finish. Solution heat-treatment tends to improve the 
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In the grouping of alloys with regard to machining 
properties, it is customary to separate the cast alloys from 
the wrought, since the structure of the former generally 
tends to confer free-cutting properties ; certain of the cast 
alloys, however, are preferably included in the wrought 
alloy group, because their machining properties are very 
similar. With the exception of the aluminium-silicon 
alloys, they can be conveniently grouped according to their 
degree of hardness, thus the non-heat-treatable alloys form 
the first group, the heat-treatable alloys the second group, 
and with the exception of the silicon alloys previously 
noted the third group is composed of casting alloys. The 
cast and wrought alloys, which include the silicon and more 
complex alloys, can be incorporated into a fourth group. 

High-speed steel cutting tools of good quality have 
shown by experience to be the most suitable for the first 
three groups. These, when ground to the required angle, 
maintain their cutting edges long enough to make their 
use economical. In machining the harder alloys, especially 
those containing high percentages of silicon, tools tipped 
with cemented carbides give excellent results. Alloys 
containing up to 5°, silicon present a somewhat grey 
appearance after machining. The chips tend to be torn 
rather than sheared from the werk, necessitating the use 
of tools with large top and side rake angles and com- 
paratively low cutting speeds. Alloys containing up to 
14°,, silicon are more difficult to machine, and as a rule it is 
impossible to use the large rake angles which would normally 
be used for material of their hardness. High-speed stee! 
tools may be used for these silicon alloys, but with increasing 
silicon content, the run with such tools is greatly reduced, 
whereas excellent results are obtained with carbide-tipped 

Continued on page 158 
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The Polishing of Cast-Iron Micro-Specimens 


METALLURGIA 15 


and the Metallography of Graphite Flakes* 


By H. Morrogh 


(British Cast Iron Research Association). 


A polishing technique has been developed for grey cast irons whereby the graphite 

flakes can be obtained perfectly preserved and smoothly polished. The method owes 

its success to the correct application of a repeated polishing and etching operation. 

With specimens prepared in the manner given, it is possible to examine the internal 
structure of the graphite flakes and temper carbon nodules. 


Part 1—The Polishing of Cast-Iron Micro-Specimens 

Introduction.—That cast-iron —micro-specimens are 
difficult to polish and that there is a very urgent need for 
standard methods of preparation of metallographic speci- 
mens, is indicated by the many and varied results obtained 
by different investigators. Most textbooks of metallo- 
graphy give a description of a process whereby metal 
micro-specimens can be obtained flat, polished free of 
scratches and suitable for observation under the microscope. 
In general, metallographists have acquired this technique 
and can now produce, fairly easily, metal specimens so 
polished. Unfortunately, from the point of view of the 
preparation of micro-specimens, cast irons have a com- 
bination of constituents which among the common metals 
is unique in so far as a soft and very friable substance 
namely, graphite—occurs surrounded by a relatively hard, 
but metallic, matrix which nevertheless has a measure of 
plasticity. A perfectly prepared micro-specimen of grey 
cast iron§ would have a metallic matrix polished free from 
scratches, and in this matrix would be graphite flakes 
also polished smooth and free from scratches, their surfaces 
being level with the polished metal surface. When a 
‘general”’ metallographic technique—i.e., one recom- 
mended for any ferrous metal—is applied to grey cast iron, 
even though the metallic matrix may be polished correctly, 
the graphite flakes are seldom, if ever, polished at all. 
The peculiar friability of graphite flakes results in the 
substance being torn out wholly or in part from the cavities 
which are either opened up or burnished over, according to 
the particular type of polishing procedure. This has been 
discussed in detail by Norbury and Bolton.' 2 

As a result of the tendency for graphite to be torn out, 
metallographists have almost become resigned to the fact 
that in a cast-iron specimen, one must see not the actual 
graphite flakes, but cavities where the graphite flakes 
existed prior to the polishing operation. It is the purpose 
of this paper to point out that perfectly polished micro- 
specimens of grey or malleable cast iron can be obtained 
with the graphite intact, to give a description of the process 
used, and to indicate what parts of a general technique 
should be avoided if perfectly prepared specimens are to 
be obtained. 

Use of Loose Abrasives.—Most metailographic specimens 
are, in the initial stages, either ground or filed flat and then 
treated in some way, so that the relatively coarse scratches 
produced by the grinding wheel or file are removed and 
replaced by finer scratches, which can in turn be easily 
removed by the polishing powder. The methods by which 
the specimen is smoothed prior to polishing may be roughly 
divided into two classes. The first class includes those 
inetheds which use a series of loose abrasives, and the 
~econd includes those methods which use successively finer 
evades of emery paper. For our purpose the second method 
is to be preferred, the objection to the first method being 
that while satisfactory metal surfaces can be obtained, the 

*Iron and Steel Institute, 1941. Annual General Meeting. 
(\dvance Copy.) 

) This paper is concerned exclusively with the preparation of 
specimens of grey'cast iron. White irons not only avoid the special 
U‘iculties due to graphite, but are generally quite easy to prepare, 


graphite flakes are nearly always more badly damaged 
than in specimens prepared by an emery paper method. 

Use of Emery Papers.—-With regard to the use of emery 
papers, the following procedure has been found to give 
good results : Starting from a freshly ground surface, rub 
the specimen through a series of three emery papers, 
grades 1G, LF, and 00 (or their equivalents). The rubbing 
should be slow and the specimen should be pressed very 
firmly to the paper, so that the operator can feel the surface 
being cut. The presence of small particles of grit between 
the paper and the specimen tends to tear out the graphite, 
and these can be removed by blowing or shaking the paper. 
It is not necessary to introduce more papers into the series 
mentioned above, since they introduce more complications 
and increase the time of preparation per specimen, Papers 
finer than 00, such as 000 and 0000, are frequently uneven 
and gritty, ard a fine paper can be prepared from a piece 
of used 00 paper. Methylated spirit is dropped from a 
spotting bottle on to the paper. ‘lhis is then rubbed with 
cotton wool until the required type of paper is obtained. 
A final paper produced in this way is uniform, free from grit, 
and it will give a finer finish to the specimen than 000 or 
0000 papers. Immediately after treatment on the final 
emery paper, the specimen should be etched in either a 
5°, solution of nitric acid in alcohol, or a saturated solution 
of picric acid in alcohol. A specimen rubbed down and 
etched in this manner is ready for polishing. 

Final Polishing.—About the final polishing there is a 
very general agreement as to how it should be performed. 
Most polishing machines have a revolving wheel to which is 
attached a piece of soft cloth impregnated with polishing 
powder. 

Polishing cloths with a high pile tend to dislodge the 
graphite in a similar manner to loose abrasives and free 
particles of grit on the emery papers. To preserve the 
graphite it is best to polish with a cloth having very little 
pile. Vilella® has suggested the use of the dull side of a heavy 
pure silk satin, but this type of material does not retain the 
polishing powder during the rotation of the pad. If, 
however, Selvyt cloth is used, the pile becomes flattened 
and the cloth apparently smooth in a short time after the 
beginning of polishing. A suitable speed for the polishing 
wheel is about 600r.p.m. Higher speeds give faster 
polishing, but the polishing powder is thrown off the wheel 
more easily. 

The possible polishing powders—-namely, chromium 
oxide, rouge, zinc oxide, manganese dioxide, tin oxide, 
magnesium oxide and Diamantine (a specially prepared 
form of alumina), vary considerably in their ability to 
polish cast irons without tearing out the graphite. Dia- 
mantine and magnesium oxide tend to leave the graphite 
undisturbed, polishing it at the same time. The other 
polishing powders, chromium oxide in particular, produce 
similar effects to loose abrasive. Of the two polishing 
powders, Diamantine and magnesium oxide, the former is 
to be preferred, since it polishes very much more quickly, 
although where the price of Diamantine prohibits its use, 
magnesium oxide can be used satisfactorily. The latter 
requires more polishings and etchings than the former, and 
hence takes more time, 
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Alternate Polishing and Etching.-Even with the use of 
Diamantine or magnesium oxide, it is only rarely that 
perfectly polished specimens are obtained after one polishing 
operation, ‘To overcome this difficulty, Hanemann and 
Schrader * (loc. cit., Part 1, p. 16) have recommended the use 
of alternate etching and polishing. This method has been 
widely used for a long time by metallographists to remove 
a distorted surface layer from micro-specimens of various 
metals. In the case of cast iron, the use of this method 
depends on the removal of layers of the metallic matrix 
until the polished surface is level with the undamaged 
regions of the graphite flakes. The method works excel- 
lently with grey or malleable cast irons and the technique 
of the process has been worked out by the author and 
satisfactorily employed on a large number of varied types 
of irons. Particulars of this process are given in the 
following : 

The polishing powder, 250-mesh Diamantine, is mixed 
with water in the proportions 50 g. of Diamantine to 100 ¢.c. 
of water, so that a fairly thick paste is formed. Frequently 
in the literature it is recommended that the polishing 
powder should be mixed with much water. The thick 
paste is preferred, however, because the pad is likely to be 
used several times for each lot of Diamantine applied to it, 
and when in paste form it tends to be retained by the wheel 
more than when used in the watery condition, Diamantine 
paste in an amount equal to about l5c¢.c. for a 6in. 
diameter wheel, is put on the pad and rubbed well into the 
pile with the fingers. By this means the operator is able to 
detect any parcicles of grit. A pad prepared in this way 
will polish out the scratches from the emery paper in times 
varying from about 20 secs. to 2 mins., depending on the 
type and size of the specimen. 

The best procedure is to keep the orientation of the 
specimen with respect to the operator constant, rotating 
it in the opposite direction to the pad. A fair amount of 
pressure should be exerted so that the wheel can be felt 
pulling the specimen. Fine and medium-sized graphite 
will generally be polished better than coarse graphite. It is 
frequently only necessary to polish a specimen containing 
medium graphite once for a successful examination of its 
structure, After the first polishing operation, the pile of the 
pad should not be disturbed ; one made up in the above 
way will last for twelve additional polishing operations, any 
further polishing making the pad more nearly ideal for the 
preservation of the graphite. 

If, after the first polishing operation, the graphite is torn 
out, opened up or burnished over, as is usually the case, the 
specimen should be re-etched and polished again ; the time 
required to polish off the etching depends on the specimen, 
but generally 10 sees, is ample. It is not even necessary 
to wait for the removal of the emery paper scratches before 
the etching and polishing operations begin ; in fact, the 
disappearance of the scratches is made more rapid by 
etching before the scratches have disappeared. By pro- 
tracted etching and polishing the graphite flakes gradually 
assume a light grey to brown colour, serrated edges ten 
to disappear and any burnishing or opening is removed. 

The choice of etching reagent is of some importance in the 
repeated polishing and etching operations, It is necessary 
to use an etching reagent which actually etches the metallic 
matrix. For pearlitic grey irons or for irons containing more 
than 50°, of pearlite in the matrix, both nitric acid and 
picric acid produce similar effects with regard to the 
polishing of the graphite. In the case of ferritic grey 
irons and ferritic blackheart malleable irons or irons 
containing less than 50°, of pearlite in the matrix, nitric 
acid is definitely preferable and p-oduces the desired effects 
more rapidly than picric acid. In some cases, when the 
specimens have very coarse graphite in a ferritic matrix, 
it is almost impossible to remove the burnished and flowed 
layer from the graphite using picric acid ; nitric acid will 
do this quite readily. 

When two samples of closely similar graphite size have 
to be compared, there is frequently some doubt cast on the 
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verdict, since one specimen may be slightly burnished, 
giving the appearance of a fine graphite size, or it may be 
“opened,” giving the appearance of a coarse type of 
graphite. If specimens are prepared by alternate etching 
and polishing, any burnishing or opening of the graphite is 
removed and accurate comparisons of the length and width 
of graphite can be made. 

Phosphoric irons are more difficult to polish by this 
method than hematite irons, because the phosphide eutectic 
tends to stand up in relief ; this can be avoided if the times 
of actual polishing are increased, 

Correctly prepared samples bring into photomicro- 
graphy another element of difficulty. Improperly prepared 
samples show the graphite as a black constituent and the 
matrix white, forming an easy combination to photograph 
with a contrasty plate; on the other hand, the photo- 
graphy of samples prepared by the improved techrique? 
requires a less contrasty plate and more accurate control 
with respect to exposure and development. 


Part II.._Some Observations on the Internal Struc. 
ture of Graphite in Cast-Iron Micro-Specimens 
Prepared by the Improved Technique 

When the graphite flakes in a carefully prepared sample 
of cast iron are examined at a low magnification (50-200 
diameters) they appear to be light grey to brown in colour ; 
any defect on the surface of the graphite gives it a black 
appearance, 

At high magnifications (generally above 500 diameters) 
the colour of any particular graphite flake depends on its 
position relative to the glass-slip reflector of the microscope, 
with the result that some graphite flakes appear light grey, 
some black, and some of intermediate tone. On rotating 
the specimen through 90°, keeping the glass-slip reflector 
still, those flakes formerly black become light brown and 
vice versa, 

When a beam of light is reflected from the surface of a 
transparent substance, it is partly polarised, the vibrations 
being parallel to the reflecting surface ; in this way the 
beam of light from the illuminating train of a microscope 
after reflection from the glass slip is partially polarised. 
Certain portions of the spectrum are absorbed when a 
beam of light is reflected from a coloured substance, and the 
complementary colours are seen. With some anisotropic 
substances, the wave-lengths removed depend upon the 
plane in which the incident light is vibrating and its relation 
to the optic axis of the crystal ; this latter phenomenon is 
referred to as reflex pleochroism, Graphite exhibits reflex 
pleochroism,® and this accounts for the changes in colour 
of graphite flakes on rotating the stage when the illuminatiug 
system is of the glass-slip reflector type. The manifestation 
of this optical property of graphite is due to the glass slip 
alone. 

When viewed under ordinary illumination, a number of 
graphite flakes appear to be uniform and similarly oriented 
throughout their lengths and breadths—that is, in one 
particular position with respect to the illuminating system, 
the whole of a graphite lamella is of the same colour. 

When such a graphite flake is examined under polarised 
light between crossed nicols, on rotation of the specimen 
through 360° it lights up four times ; this is expected from 
the hexagonal anisotropy of graphite. The actual position 
of lighting up varies slightly according to the orientation 
of the graphite flake in relation to the surface of the 
specimen. 

Secondary graphite —that is hypereutectoid and eutectoid 
graphite, is generally deposited on the existing graphite 
flakes in the form of a smooth band which is similarly 
oriented to the main body and is therefore difficult to show. 
Sometimes, the secondary graphite is deposited on the 
graphite lamelle in an irregular manner, so that the edges 
have a “ fluffy” appearance. At high magnifications, It 
appears that this fluffy secondary graphite is arranged in a 
Widmanstiitten formation. In fact, in rare cases, a well- 
developed Widmanstitten structure is obtained. The 
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reason for the formation of the graphite Widmanstiitten 
structure may seem obscure at first sight, but while in 
certain respects its formation is unique, the explanation 
may be very simple. When a solid solution stable at high 
temperatures precipitates a new phase over a range of 
temperature on casting, then the new phase may be 
deposited in one of several ways. For instance, it may be 
deposited at the grain boundaries of the parent solid 
solution, or it may be deposited in such a way that its 
lattice bears a definite crystallographic relation to the 
lattice of the parent solid solution—that is, it forms a 
Widmanstitten structure. Further, if the phase which is 
being precipitated from the solid solution already exists in 
the structure, then it may be deposited on the already 
existing areas of this phase. A typical example of the 
latter mode is the deposition of the hypereutectoid cementite 
on the already existing eutectic cementite in hypo-eutectic 
white irons. The Widmanstatten mode of deposition of the 
new phase is an alternative to both the grain boundary 
type of deposition and the deposition on the already 
existing phase. Of course, when there is an already existing 
phase, then deposition of the phase from the solid solution 
may occur in three different ways—it may be deposited on 
the already existing phase, it may be deposited at the grain 
boundaries of the parent solid solution, or it may be 
deposited in a Widmanstitten structure in that solid 
solution. The simultaneous deposition of hypereutectoid 
cementite in all these three ways has, in fact, been observed 
in certain low-carbon, hypo-eutectic white irons. When the 
new phase is being deposited from a solid solution with no 


other phases in the structure, then a controlled rate of. 


cooling, neither extremely fast nor extremely slow, and a 
large grain size are the conditions favourable for the 
development of a well-defined Widmanstiitten structure. 

Hanemann and Schrader‘ (loc. cit., Part 2, Table III) 
have shown that secondary graphite sometimes forms 
small needle-like crystals of different orientation from the 
graphite flake. At high magnifications a series of needles, 
differently coloured and hence differently oriented from the 
rest of the graphite, is apparent. This effect is most marked 
near to and at bends in graphite flakes. If the flake is in 
its dark position, then the needles appear bright, and if the 
flake is in its bright position, the needles appear dark. 
Vilella? observed a microstructure in graphite flakes of 
carefully prepared samples, and Hanemann and Schrader 
recognised the needle-like formation, attributing it to 
mechanical stressing of the graphite flakes during solidifica- 
tion* (loc. cit., Part 2, p. 22). In the simplest cases the 
needles are arranged end to end, but at an angle to one 
another. 

By heat-tinting methods, it has been found possible to 
indicate the presence of both the secondary graphite and 
the needle formations in the graphite flake, and it is 
interesting to observe that this formation is confined almost 
entirely to the “‘ primary ” graphite flake and usually is 
not present in the secondary graphite. 

Frequently, and more particularly in very large graphite 
flakes, the needle-like structure takes on more complicated 
forms. In this respect micrographs are referred to of a flake 
of kish graphite in a piece of dead-annealed pig iron, in 
which the flake is made up of five bands and the large 
system of needles is confined to the centre band, which is 
presumably the primary graphite crystal. The two bands 
on either side of the centre appear to have been deposited 
in the manner of secondary graphite ; the extreme outer 
bands are probably eutectoid graphite produced by the 
annealing treatment, and the intermediate bands are 
probably hypereutectoid or even eutectic graphite. If 
Hanemann and Schrader’s assumption is correct, then it 
seems that some mechanical stressing occurred after the 
deposition of this band. 

In some graphite flakes, the simple end-to-end needle 
iormation is not apparent, the whole of the graphite flake 
\eing a conglomerate of small needle-like crystals of 
uraphite with various orientations. 
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Non-metallic Inclusions.—The effect of non-metallic 
inclusions on the structure of grey cast iron is a much- 
debated topic. While there is little direct microscopical 
evidence of inoculation or nucleation of melts by inclusions, 
it is significant to note that they do occur attached to and 
perhaps inside graphite flakes. Both titanium cyano- 
nitride and manganese sulphide crystals are frequently 
observed attached or adjacent to the ends of graphite 
flakes. 

Dove-grey, apparently allotriomorphic inclusions, which 
appear to be manganese sulphide, have been found very 
intimately associated with graphite in the top of a large 
ingot mould. A micrograph shows the sulphide to be 
actually inside the graphite flake ; this may, of course, be 
only an accident caused by the position of the surface of the 
specimen in relation to the flake which makes the inclusion 
have the appearance of being inside the graphite. It is also 
possible that the occurrence of the sulphide so intimately 
associated with graphite has something to do with the 
flotation of the sulphide to the top of the ingot mould 
during solidification, where it became enmeshed with the 
growing eutectic flake graphite. 

Temper Carbon.—Using the repeated etching and polish- 
ing process, it has been possible to observe the internal 
structure of temper carbon nodules in malleable cast iron, 
The structure of the temper carbon nodules has been dealt 
with in the author’s paper on “The Metallography of 
Inclusions in Cast Irons and Pig Irons ”§ from the point of 
view of the effect of iron and manganese sulphide on the 
type of temper carbon formed. In malleable irons con- 
taining iron sulphide—for instance, whiteheart malleable 
irons—the temper carbon is in a spherulitic form; a 
typical example of this is shown in Fig. 22 of the above 
paper. The basal planes of the graphite crystals composing 
the temper carbon nodule are at right angles to the radii of 
the spheroid of which the nodule can be considered to be 
composed. It has been possible to show crystals of iron 
sulphide in the centre of some spherulitic temper-carbon 
nodules as though providing nuclei for the temper-carbon 
formation (see Fig. 24 of the same paper). In malleable 
irons which contain all the sulphur in the form of manganese 
sulphide, the temper carbon appears to be an aggregate of 
very smal] graphite “* flakes ” having no particular orienta- 
tions with respect to each other. A typical example of this 
is shown in Fig. 23 of the above paper. 


Conclusion. 

It has been shown that the graphite flakes in grey cast 
iron can be retained quite easily during the polishing 
operation with but few changes in normal recommended 
procedures. The ideal to aim for is a smoothly polished 
metallic matrix free from surface distortions and smoothly 
polished graphite flakes with no burnishing or flowing of the 
metallic matrix over the graphite flakes. Only with speci- 
mens prepared in this way can any accurate idea be obtained 
of the size, shape and internal structure of graphite flakes. 
The process which has been described here enables the 
complete preservation of the graphite flakes and the 
polishing operation, if correctly adhered to, produces 
specimens perfectly prepared for photomicrography. 

The polishing procedure given here has the advantage 
that it is a comparatively rapid method of specimen pre- 
paration and the stages are quite simple. It is rather 
difficult to give any accurate times for the preparation of 
specimens, but as a rough guide it can be said that it should 
be possible to prepare a specimen of a cross-section from a 
0-875 in. diameter test-bar in 15 mins—that is including 
cutting, grinding, rubbing down, and polishing and etching. 
The actual time required for specimen preparation by this 
method is to some extent a function of the number of times 
the specimen is etched and repolished, and this again 
depends on the structure of the specimen and on the per- 
fection required. For the routine visual examination of cast 
irons, it is frequently unnecessary to have the graphite 
flakes perfectly prepared. In these cases only a rough 
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idea of the general structure is needed, and the number of 
polishing and etching operations can be reduced to a 
minimum. However, no specimen should have less than 
three polishings and etchings, and in only a very few cases 
should it be necessary to polish and etch more than ten 
times to obtain a perfectly prepared specimen. The 
repeated etching and polishing operation not only improves 
the appearance of the graphite structure, but also gives a 
better finish to the metallic matrix, and the adoption of 
this type of technique is advisable in the preparation of 
specimens taken from nearly every type of ferrous and 
non-ferrous alloy. 
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The text of this paper is supported by 36 micrographic 
illustrations, which provide admirable examples of the 
technique employed. 
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The Practice of Marketing of 
Aluminium—Part IL. 


By Robert J. Anderson, D.Sc. 


The practice of marketing aluminium, more especially in respect of its technical and 
commercial details, has been dealt with rather scantily in the literature, and the purpose 
« of this article is to give a broad view of the practice. Applications will also be considered 


briefly in order to show the range of the market. 


The marketing of aluminium and its 


manufactures is necessarily conditioned by the kind of products and their field of use, 
and future developments will increase the range. 
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Aluminium Scrap 

CRAP is an important commodity in the aluminium 

industry. It is the raw material used for the pro- 

duction of secondary aluminium and alloys, and is 
also employed directly in the manufacture of castings and 
some other products. In fact, several branches of the 
independent aluminium industry are now based on scrap. 
With the greatly extended application of aluminium during 
the last 20 years the available supplies of scrap have been 
correspondingly increased, Its profitable utilisation has 
become a matter of importance to the primary metal pro- 
ducers, independent companies engaged in the manufacture 
of various products, and industrial consumers in general. 
The collection, sorting, and marketing of aluminium scrap 
has grown to be a principal division of the waste material 
trade. 

Most industrial consumers of aluminium may buy more 
or less scrap, but the chief purchasers are the following : 
(1) Serap dealers, including junk men; (2) secondary 
aluminium producers ; (3) foundries ; (4) rolling mills ; and 
(5) primary aluminium producers, Aluminium scrap is also 
bought by steel mills, aluminium powder plants, and some 
chemical companies, Dealers in general buy almost any 
kind and quality of scrap obtainable in the market. The 
classes and grades of material purchased by remelters and 
other consumers depend upon the intended use. 

The sources of aluminium scrap are exceedingly diverse 
and numerous. They include practically all places where 
aluminium products are manufactured or used. As to 
locale, it follows that the main sources are industrial areas 
and large cities. In respect of quantity, the bulk of supplies 
is obtained from manufacturing plints and thiough the 
usual channels of the waste collection trade. Dealers 
ordinarily have more or less material in stock and are the 
immediate sources of aluminum scrap for many pur- 
chasers. In general, the business of the large scrap dealer 
is to buy miscellaneous parcels from. small dealers and 
trifling lots from itinerant junk men, sort and store the 
material, and transport loads to secondary producers and 
other important consumers, Small Jots of new manu- 
facturing scrap may be sold to dealers or to remelters 
depending upon circumstances, Large lots af such scrap 
are not, however, ordinarily sold to dealers. Manufac- 
turers may request competitive tenders for accumulations 


of quantities. Higher prices are normally offered for large 
lots of new scrap by secondary producers or foundries 
than by dealers. The tendency is generally to eliminate the 
dealer whenever practical in transactions involving manu- 
facturing scrap. 

Large quantities of some aluminium scraps, particularly 
old castings and sheet, are usually obtainable in the mai ket, 
but the supply of others is scant or irregular. 

Much manufacturing or process scrap is handled in 
dealings which keep it entirely off the open market. These 
dealings are mostly between suppliers of semi-manufactures 
and their customers. Many producers of semi-finished 
manufactures, especially the large primary aluminium 
companies, regularly take back all the scrap arising in 
processing operations on material which they sell to makers 
of finished wares. (This applies, of course, mainly where 
the amounts of scrap are considerable.) For example, 
much scrap results in making drawn utensils and other 
light wares. Contracts are often made between producers 
of sheet, coil and related semi-finished materials and 
manufacturers of utensils and stamped goods. The former 
may agree to purchase all the scrap derived from their 
sheet products delivered to the latter. Under some con- 
tracts the scrap is sent back to the sheet mill, melted, and 
rolled on toll. In automotive work much machining is 
required to fit rough aluminium alloy castings for assembly, 
and the motor-car companies consequently accumulate 
large quantities of borings. The supplier of castings may 
agree to buy this machining scrap at a certain price. 
Transactions of this sort are in the interest of the con- 
tracting parties, because scrap derived in processing semi- 
manufactures can normally be utilised to best advantage 
by the producer of such manufactures. 

Aluminium scrap varies greatly as to composition, grade, 
character, usefulness, and price. Different kinds may be 
referred to as clean or dirty, choice or poor, new or old, 
pure or alloy, uniform or mixed, cast or wrought, heavy or 
light, dry or wet, etc. These adjectives loosely characterise 
scrap material, and it is difficult to describe and grade the 
many classes. The most common forms of scrap marketed 
in the aluminium trade are old castings, old sheet (including 
discarded cooking utensils), new sheet clippings, and borings. 
Dross is the term applied to the substance skimmed from 
melts of aluminium and its alloys, This material consists of 
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metal mixed with oxide. It is not properly to be classified 
as scrap, but is an important waste handled in the trade. 
Drosses are regularly bought by secondary aluminium 
producers and treated to recover the contained metal. The 
word “old” as used to describe scrap articles means that 
they have been in service. Nearly all so-called aluminium 
castings are made of alloys. 

Numerous compositions are employed in practice for the 
production of aluminium alloy castings. The chief alloying 
metals added to aluminium are copper, iron, magnesium, 
manganese, nickel and silicon, but various others are also 
used. Most industrial alloys are now complex, the simple 
compositions formerly applied having been generally 
superseded. Sundry classes of castings scrap are recognised 
in the trade, and the most important include old crank- 
cases and other motor-car junk of similar composition, 
mixed machinery scrap, pistons, and die-castings. Old 
sheet scrap is obtained in the wrecking of various structures 
and equipment. It may consist of substantially pure 
aluminium or some alloy, for example, duralumin. Great 
numbers of cooking utensils appear in market scrap. Most 
drawn utensils are made of 99+°, aluminium, but an alloy 
containing about 1}°, manganese is also used in the 
manufacture of these wares. Many cooking utensils are 
made of cast aluminium alloys. Old sheet scrap is classified 
as clean, painted and alloy. 

New clippings come from diverse processing operations on 
sheet products. They may consist of substantially pure 
aluminium or an alloy. The principal kinds traded in the 
open market are 99+-°, aluminium, duralumin, mixed, and 
special. Chips of metal removed on machining aluminium 
alloy castings are generally called borings or turnings, 
regardless of the tool used in the operation. Lots of borings 
are normally kept segregated in large shops. Mixed borings 
result from the accidental or heedless consolidation of 
parcels having different compositions. Such borings appear 
frequently in the open market. 

Other classes of scrap sold in the aluminium trade include 
wire and cable, foil, grindings, and sweepings. 

Marketing specifications for aluminium scrap and waste 
have been drawn by several organisations in several 
countries. Regulations governing transactions in inter- 
national trade may be those of the country from which or 
to which the material is shipped, but special rules may 
apply. 

Aluminium scrap and waste may be crudely evaluated 
by visual examination or accurately by assaying repre- 
sentative samples. Borings, drosses and some mixed 
scraps are adaptable for marketing on the recovery basis. 
The yield obtained on treating a sample and the composition 
of the recovered metal determine the value. In any case, 
settlements for lots of most scraps purchased by large 
remelters are customarily based on the results of sorting 
and preliminary treatment. Deductions are made for the 
foreign substances barred by specifications. 

A detailed discussion of the practice in buying and 
selling aluminium scrap and waste has been given in 
another place.* 


Secondary Aluminium 


Metals recovered from scrap, dross, and other wastes are 

termed secondary. They are so designated to differentiate 
‘hem from metals produced by the treatment of ores. 
Such metals are called primary. The denotation is pro- 
perly in respect of derivation and not of utility or quality. 
in practice, the economic value of a metal is not determined 
by its origin, but instead by its cost and profitable use. 
Ry definition, therefore, secondary aluminium is that pro- 
duced fiom scrap and waste. The bulk of secondary 
luminium (and alloys) is made by melting old sheet, 
castings serap, new clippings and related manufacturing 
scrap and borings ; a considerable amount also is recovered 
from drosses. 

Output of secondary aluminium as such is produced for 
ihe market chiefly by secondary aluminium smelters, so 
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called, but quantities are also sold by foundries, rolling 
mills, manufacturing companies, and other remelters. The 
market for secondary aluminium ingot is broadly the same 
as that for primary metal in the same form. More narrowly, 
the principal consumers of secondary aluminium are manu- 
facturers of castings and raw steel producers. The recovery 
and utilisation of secondary meta! by primary aluminium 
companies is not accounted for statistically. Nor is it 
known how much of the aluminium ingot sold as primary 
is actually secondary. Apart from external scrap returned 
by customers, large quantities of internal scrap are treated 
yearly by primary aluminium producers. This material is 
derived from the processing of semi-manufactures and 
finished goods in working-up plants of the primary com- 
panies. It may be melted and run into ingot, incorporated 
in furnace charges for pouring rolling ingots and other forms 
for working, or otherwise handled to best advantage. Asa 
rule, the producers of secondary aluminium sell directly to 
consumers rather than through jobbers or other middlemen. 

As in the case of primary metal, the basis of grading 
secondary aluminium ingot is chemical composition. The 
principal secondary grades as defined by specifications are 
the following :—(1) 99°, minimum, aluminium ; (2) 98-5% 
minimum ; (3) 98°, minimum ; and (4) 94-98% aluminium. 
Certain impurities are likely to be present in industrial 
grades of secondary aluminium, but cannot be contained in 
primary metal. These impurities are due to contamination 
in collecting and handling scrap. Under specifications the 
limits of impurities generally tolerated in secondary 
aluminium are higher than in primary metal. Also, various 
impurities are allowed in the former material, but are pro- 
hibited in the latter. The presence of certain impurities 
in appreciable amounts ordinarily identifies aluminium as 
of secondary origin, but their absence does not prove that 
the metal is primary. 

In addition to the several grades of secondary aluminium, 
various alloys made from scrap are marketed in ingot form 
by remelters. Such alloys may be supplied in accordance 
with specifications as to chemical composition only. On 
the other hand, large quantities of aluminium alloy ingot 
for casting purposes are sold under specifications which 
emphasise performance rather than composition. In 
accordance with specifications of this sort, the vendor may 
guarantee minimum mechanical properties for the resultant 
castings, satisfactory machinability, and freedom from 
porosity. The chemical composition may be specified 
loosely, and wide variations are acceptable. This applies 
to the contents of the main alloying elements and also of 
the different impurities. 

Scrap fit for making 99+-°, aluminium is scarce in the 
open market. So the output of this grade by independent 
secondary producers is small. It may be by melting new 
clippings or scrap cable. The supply of the latter is scant 
and irregular. Secondary 99°, aluminium which does not 
contain appreciable amounts of deleterious impurities can 
be applied for the same purposes as primary metal of corre- 
sponding composition. The bulk of 99+-°, scrap purchased 
by secondary producers is used in their practice for blending 
and for diluting impurities in casting alloys. A considerable 
quantity of 98°, secondary aluminium is produced by 
remelters. This grade is supplied mostly for making casting 
alloys. Metallurgical aluminium, 94-98%, is one of the 
more important products of the secondary remelters. It is 
employed as a deoxidiser in steel practice. The content of 
zine may be limited by specifications to 0-3 or 0-5%, but 
other impurities are usually not restricted. 

As is evident, the kind of raw metal marketed by 
secondary aluminium producers depends upon the com- 
position and amounts of scrap which they can get. As a 
practical matter, independent remelters cannot meet the 
sane specifications as primary producers. Or, at any rate, 
the former cannot compete with the latter in the market 
for certain grades of aluminium ingot. While remelters 
may supply some grades of metal similar to those of 
primary producers, the major portion of secondary output 
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consists of casting alloys. In this connection, it may be 
noted that a recent tendency among many consumers has 
been to eliminate the specification of primary metal for both 
melting stock and semi-manufactured products. Thus the 
vendor is permitted to furnish material of his own choice, 
within liberal limits as to chemical composition, provided 
that it yields the required results, 

In the reflux of aluminium serap various foreign metals 
may become admixed, and cannot be, or are not, removed 
before remelting. The consequence is that the resultant 
ingot metal tends to be less pure than the scrap itself. This 
is cumulative effect. Also, as the number of different alloys 
used in practice has increased during recent years, market 
scrap has become more complex and difficult to sort. 
Accordingly, it may be necessary to convert scrap of 
wrought alloy manufactures into compositions for casting 
and to blend cast scrap with primary metal or new alu- 
minium clippings in order to reduce the impurities. 

Experience has shown that an aluminium alloy suitable 
for motor work and general casting purposes can be made 
by melting miscellancous cast scrap if material likely to 
contain unduly high percentages of iron or zine is first 
thrown out. By miscellaneous cast scrap is meant old 
motor castings, many kinds of machinery scrap, and a 
generality of discarded parts. Depending upon conditions, 
this material may be meted as such and poured into ingots 
or castings. Blending additions may, however, be required. 
Such scrap may yield an alloy having the following approxi- 
mate range of composition: Aluminium, 84 to 96°, ; 
copper, 4 to 7°, ; silicon, 2 to 5°, ; zine, up to 3°, ; and 
iron up to 1-5°%%. Up to about 0-5°, each of manganese 
and nickel may be present. ‘There may also be contained 
a few tenths °, each of magnesium and tin, and a few 
hundredths or thousandths °,, each of antimony, calcium, 
lead, silver, sodium, titanium, vanadium, and other 
elements. Complex alloys of compositions within these 
limits meet all requirements for numerous purposes. ‘The 
selling price may be 20 to 25°, less than that for an alloy 
made of primary metal, 

Secondary aluminium and alloys for remelting are 
supplied in the same forms as primary metal -that is, as 
notched bars -and in a corresponding range of weights and 
The secondary metallurgical grades for steel de- 
oxidation are usually furnished in the form of shot or 
notched bars. 

Specifications covering raw secondary aluminium pro- 
ducts have been drawn by producers, consumers, and 
various organisations. It is recognised that independent 
secondary producers cannot supply large quantities of 
metal in accordance with strict limitations as to impurities 
and composition. 

As in the case of primary aluminium, secondary metal is 
consumed by numerous industries. Part of the output is 
used by the producers, and part is sold to manufacturers of 
semi-finished and finished goods. The market for secondary 
aluminium is broadly the same as that for primary metal. 
But the former material is not applied for some purposes 
either because it contains deleterious impurities or because 
adequate supplies cannot be obtained, As already stated, 
the bulk of output is employed for the production of 
castings. 


SIZCS, 


Hardeners 


Intermediate aluminium alloys constitute another class of 
raw products marketed in the aluminium trade. These 
alloys are usually called hardeners or rich alloys. They are 
employed for making fixed additions of metals to aluminium 
in the preparation of light alloys. The industrial hardeners 
are alloys of aluminium with one or more metals of relatively 
high melting points. Binary intermediate alloys may con- 
tain about 5 to 50°, of the alloying mete! and remainder 
aluminium, Complex hardeners contain aluminium and 
two or more other metals in suitable proportions for making 
light alloys of required compositions. 


(T’o be continued). 
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Canada’s New Mining Record 


HROUGHOUT Canada, business conditions during 
| 1940 were profoundly affected by war conditions. 
The transformation to the war economy was effected 
without undue dislocation, the process beginning imme- 
diately upon the outbreak of hostilities and assuming full 
momentum with the invasion of the Low Countries and the 
capitulation of France in May and June last. The intensive 
mechanisation of modern warfare led to an insistent demand 
for new types of weapons and equipment and supplies of 
all kinds required for the maintenarce of the fighting Forces 
and their transport. Canadian industry was quickly 
adapted to meet the new requirements imposed upon it, 
and as orders were issued, operations speedily got under 
way. 

Manufacturing operations averaged nearly 25% above 
the level prevailing in 1939; this upward trend has been 
particularly pronounced in the heavy industries. The iron 
and steel industry is operating at the highest rate in its 
history, with orders to ensure the maintenance of capacity 
operations for many months to come. Facilities are being 
extended to meet the enlarged demand. Production of 
pig iron in Canada was 61°, greater than in the previous 
year, and the output of steel ingots increased 48%. New 
plants for the production of aircraft are coming into pro- 
duction, while the older and larger companies are steadily 
increasing their operations. Shipbuilding is more active 
than in many years. The chemical industry has greatly 
increased its facilities and is now producing or will produce 
all the chemicals used in the manufacture of explosives, 
including some that have hitherto not been produced in 
the British Empire. 

Activity is noteworthy in the mining industry; pre- 
liminary estimates indicate a new production record at 
£110,000,000, compared with £95,000,000 in 1939. Ontario, 
the leading mineral-producing province, is reported to have 
attained a production record value of £60,000,000, com- 
pared with £46,504,000 in the previous year. Quebec 
held its position in second place with production valued at 
£17,000,000, as compared with £15,467,000 in the previous 
year, while British Columbia ranked third with products 
worth £14,300,000, against £13,043,000 in 1939. 

The major part of the increase, particularly in Ontario 
and Quebec, may be attributed to the gold producers and 
the enhanced production of base metals. The nickel-copper 
industry reported the most active year in its history, more 
nickel was sold than in any previous year, and all copper 
available is finding ready markets, 80°, of it being taken 
by Great Britain and the rest by Canada. Iron ore was 
produced at the new Helen mine in the Michipicoten area 
in Ontario, the extraction from this ore having been 
recommended in 1939, after a lapse of 16 years. 

Canada’s foreign trade had a greater value in 1940 than 
in any year since 1928. Gains were reported over a wide 
range of commodities, but the basic reason underlying the 
great advance was the large imports of essential war 
materials from the United States and an ever-mounting 
flow of supplies to Great Britain. This growth of trade is 
not natural, and has already had serious repercussions 
which will increase in intensity as the war is prolonged, and 
rise to a peak with the coming of peace and the arrival of the 
time for the many readjustments that will be made 
necessary by the consequent great change in world con- 
ditions. 


Vickers’ Final Dividend 


At a recent meeting of the Board of Vickers’ Limited, the 
final dividends were declared. These are 2}%, actual, less 
income-tax, on the preferred 5°, stock ; 2}% actual, less 
income-tax, on the 5°, preference stock ; and 24% actual, 
free of income-tax, up to 6s. in the pound, on the cumulative 
preference stock ; making in each case 5% for the year 
ended December 31, 1940. Payment will be made on 
March 21, 1941. 


* 
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Machining Copper Alloys 


A general review of the machining characteristics of copper and its alloys is given 
from the consideration of the subject by Sallitt.* The alloys are divided into three 
main groups, and cutting tools and cutting fluids are briefly discussed, 


Tit range of copper alloys is very considerable, and 
it is impossible to consider the machining properties 
of every alloy. It is convenient, therefore, to group 
the alloys based on their machining qualities, and the form 
of chip produced gives a good indication of the manner in 
which these materials machine. Copper-base alloys pro- 
duce three types of chip, according to whether their basic 
structure is homogeneous, duplex, or contains small 
percentages of elements which confer improved machining 
qualities. Thus, they may be classified in three groups. 

The first group, embracing the homogeneous materials, 
includes copper, alpha brasses, alpha aluminium bronzes, 
cupro-nickels, alpha nickel silvers, wrought phosphor and 
silicon bronzes, and beryllium bronzes in the softened 
or homogeneised condition. The chips of materials in this 
group are very tough and strong ; they are smooth on both 
sides, and rarely can be broken by chip breakers ; hence, 
chip disposal may sometimes be troublesome. Copper and 
cupro-nickel are more “ sticky ” to machine than the cold- 
working bronzes, and they tend to build up on the cutting 
edge and to tear readily—particularly in operations, such 
as screwing and tapping. To ensure a clean finish on 
copper and cupro-nickel, relatively large clearances must be 
provided, the cutting edge of tools must be kept clean and 
the cutting face should be burnished. In cast form the 
alloys in this group machine somewhat shorter than corre- 
sponding wrought materials. 

The second group, embracing the duplex alloys, include 
the alpha-beta brasses, manganese bronzes or brasses, 
duplex aluminium bronzes, nickel brasses, cast phosphor 
and silicon bronzes, and gunmetals. The machining pro- 
perties of these alloys can withstand much less plastic 
deformation when cold than the materials in the first group. 
With the latter materials the pressure exerted by the tool 
face during cutting produces an upsetting action, whereas, 
with the second group of alloys, it gives rise to a shearing 
action across the chip. 

The shavings produced present a saw-toothed appearance 
on their inner surface. They are quite brittle, especially if 
bent with the saw-toothed side outwards. With the alloys 
of high ductility short chips are, in general, obtained only 
with coarse feeds ; and with very light feeds closely coiled 
turnings are produced. The latter, however, being rela- 
tively brittle are readily broken by means of chip breakers. 
With alloys of low ductility, such as phosphor bronze, 
turnings byeak into short chips without the aid of a chip 
breaker. 

The tendency to produce chatter is pronounced when 
machining alloys of low ductility, and such factors as the 
rigidity of the tool and work, the size of the cut, and the 
design of the tool, determine the incidence of chatter in 
actual machining operations. Rigidity is of particular 
importance with the high-tensile brasses and bronzes, 
and if heavy cuts are contemplated on such materials, tools 
and tool-holders must be of substantial dimensions, over- 
hang of tools must be restricted, and the work rigidly 
supported. For alloys of low ductility, such as the hardest 
aluminium bronzes, flat-topped tools produce the best 
results, but for gunmetal, brass, and manganese bronzes, 
and the majority of aluminium bronzes, a top rake of 
8°-12° is advocated. 

The third group comprises what are generally referred 
to as the leaded alloys. They consist of copper alloys 
corresponding to either of the two previous groups to 
whie additions of some element have been made to 


*W. B. Sallitt, B.A., Jour. Inst. Metals, 65, Part 2, 1939, pp., 53-64. 


improve machinability. At one time lead was the only 
element to be used for this purpose, but other elements, 
such as selenium and tellurium, have recently been found 
to exercise a somewhat similar effect. With these alloys 
the shearing action during mechining is more complete in 
its effect thfan with the second group of alloys, and the 
turning breaks up into fine needle-like fragments, which 
undergo little or no plastic deformation. The springing of 
the work and the tool tends to produce chatter which is 
more severe with a leaded alloy than with.a lead-free alloy 
of equivalent tensile strength. 

Leaded alloys are generally machined with tools ground 


with a top rake angle of less than 8°, with licht cuts, - 


however, the finish is usually improved if somewhat steeper 
rake; are used. Thus, top rake angles up to 12° may be 
employed for finishing cuts, as, for example, in single- 
point boring operations on leaded bearing bronzes. 


Cutting Tools 


It has been previous!y noted that the rake angle of 
cutting tools should be adjusted to suit the machining 
qualities of the material to be machined. The tendency 
to use steeply raked tools for ductile materials and relatively 
flat-topped tools for brittle materials is apparent from 
Table I. For materials included in the first group, tools 
must be kept very keen, and extra clearance must usually 
be provided, especially on penetrating tools. To prevent 
chips building up on the tool, plenty of chip clearance 
space should be provided and the surface over which the 
chip passes should be burnished. With materials of the 
second and third groups, standard clearances are normally 
adequate. With the former group and, in particular, the 
high-tensile brasses and bronzes, rigidity is of primary 
importance. 


Turning | | 
Taps. Milling 


Drills. | Dies, 


| 
| 
Group. Tools, | Forming 
| Tools, | Cutters, 

1 | 17-—-30 | 10 —20 
2 | | 0-25 | 12} 
3 o—s | 0 0 | o—17 | 0 


Carbon steels resist abrasion very well, and are used for 
certain finishing operations and for taps and dies for 
threading copper. Since they lose their hardness at 
temperatures of 200°-250° C., however, they can be used 
only at moderate cutting speeds, and high-speed tools are 
therefore preferred for production work. Carbide or 
stellite-tipped tools are exceptionally resistant to abrasion, 
and can be used without a cutting fluid at very high speeds 
on all copper alloys. The choice of cutting tool will be 
chiefly influenced by the condition, rigidity, and cutting 
speed capacity of the machine tools available in the shop, 
and by the tool life required. On centre-lathe work, where 
tools may readily be reground, high-speed steel may well 
prove the most economical, but in capstan lathe or auto- 
matic work, where a longer tool life is desirable, the use of 
tipped tools may permit much higher cutting speeds, and 
thereby effect a substantial increase in production. 


Cutting Fluids 


With ductile materials of the first group, which produce 
continuous shavings, lubrication will be the chief require- 
ment of a cutting fluid, whereas for the hard brasses and 
bronzes of the second group a balance between jubrication 
and cooling is desirable. With the leaded alloys, which 
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produc » short chips, cooling of the tool will seldom be 
necessary ; cooling of the work may, however, be desirable 
in certain cases, whilst lubrication between the flank of the 
tool and the work may increase tool life. The primary 
object of a cutting fluid wth these alloys, however, is often 
to lay and flush away the fine chips produced, 


The Application of the Polarograph 
in a Metallurgical Laboratory 


HEN investigating steels by means of a polaro- 

graph in many cases, it is necessary to separate 

the element that has to be determined from the 
iron, Asa result of experiments, Thanheiser and Willems* 
indicate how far such a separation by means of alkali- 
hydroxides makes possible the quantitative determination 
of vanadium, chromium and molybdenum, The separation 
of the three elements from the iron was possible, but small 
quantities of iron always remained dissolved in the filtered 
substance. In alkaline solutions chromium and vanadium 
showed amperage-voltage that could be evaluated. In 
certain circumstances the two elements can be determined 
from these curves side by side; but the vanadium curve 
could not be used for the quantitative determination of 
vanadium as the quantity of iron, remaining in the solution 
after the separation, varies and influences the height of the 
vanadium stage in an uncontrollable manner ; as this stage 
is comparatively small, the influences are very disturbing. 
For the same reason, small quantities or vanadium could 
not be determined with sufficient accuracy with relatively 
large quantities of molybdenum, The determination of 
vanadium, had therefore, to be omitted, 

For the determination of chromium, however, a_pro- 
cedure could be worked out after investigating the influence 
of temperature, the influence of the rate at which the drops 
fall from the capillary tube of the apparatus, and of the 
OH-concentration. Molybdenum, tungsten, vanadium and 
aluminium do not interfere with this determination. 

In order to hasten the polarographic method, an effort 
has been made to determine the current of diffusion directly 
by a method of compensation. Preliminary experiments 
with a solution of cadmium showed that this method can 
be applied if sufficiently characteristic amperage-voltage 
curves are at hand, This applied with chromium, although 
here the amperage-voltage curves were not always so clear. 
It is a great advantage of this compensation method that 
the curves do not need to be photographed, and thus the 
time required for the analysis can be reduced. 

Molybdenum does not precipitate in alkaline solution, 
but with acid and neutral solutions it was difficult to 
evaluate the amperage-voltage curves. The iron remaining 
in the solution, however, makes the evaluation of the stages 
nearly impossible ; but a polarimetric method has been 
developed for the determination of molybdenum, This 
consists in titrating the molybdate with lead perchlorate, 
the end-point being indicated by a diffusion current when 
surplus lead has been added. Procedures for the investiga- 
tion of steels with and without tungsten have been developed 
and their usefulness has been proved by experiments with 
various solutions and steels, 

The polarimetric method has a number of advantages in 
comparison with the polarographic method. The influence 
of the temperature, of the time necessary for the falling 
of the drops from the capillary tube, and of the form of the 
amperage-voltage curves, on the accuracy of the results, are 
very small. By polarimetric titration also substances can 
be determined which cannot be reduced on the mereury 
electrode, if only the surplus of the titrating medium is 
indicated by a diffusion current. The authors conclude 
that this method of determining the end-point could be 
applied largely in quantitative analysis. 

Communication to the Kaiser-Wilhelm-Inetitut fur Eisenforschung Diissel- 
dorf, vol. xxi, No. 4. 
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MACHINING ALUMINIUM ALLOYS 


[Continued from page 150 


tools. As mentioned previously, diamond-tipped tools 
are used to give a superior finish of the highest accuracy, 
but pre-finishing with carbide-tipped tools is necessary for 
economic reasons. 

Although many aluminium alloys can be machined dry 
to a good finish, for production work cutting fluids are 
advisable. There are several different types of fluids in 
common use, chief of which are soap suds, soluble oil 
emulsions in water, paraffin oil, mixtures of paraffin oil 
with lard or mineral oil, pure lard oil, and mineral oils 
compounded with sulphur. The soluble oil emulsions 
combine the functions of cooling and lubricating, and are 
very suitable for drilling, sawing, milling, turning, and in 
fact for all but the heaviest operations, such as tapping and 
screw-cutting. Owing to the low amount of oil usually 
present in these emulsions, their lubricating properties are 
not so good as lard or mineral oils, with or without paraffin, 
and these latter should be used for heavy cuts and slow 
feeds and in roughing work and tapping. It should be 
noted that, owing to the high coefficient of expansion of 
aluminium, the work should be cooled before checking the 
dimension for the final cut. 


An important feature in the machining of aluminium 
alloys is the high speed at which the various operations can 
be performed. In many cases the machines themselves are 
the limiting factor in this respect, preventing the maximum 
economy being effected from the use of these alloys. A 
range of speeds recommended by Zeerledei* is given in the 
following table. 


rABLE 
Operation. Metres ‘min. Feet/ min. 
Milling  Rouvhing 1.300 1.000 
Finishing 600—1, 700 2 00 — 5.600 
Furning Roughing 650—s00 
Finishing 1200 2000) 1.0000 
screwing 2 6,500— 13,000 
Drilling Without jig 200 — 00 650-—1,300 
With iig — 330-—o50 
Reaming 2050 
Boring — Flat boring drill 16 
Boring bar 20-—25 65-—s80 
lapping and screwing lo 40 30 —130 


The speeds given in this table indicate the ranges at 
which various cutting operations may be carried out ; in 
each case the slower speeds refer to the harder and more 
difficult alloys. 

More detailed information on the machining of aluminium 
and its alloys is given in the Bulletin recently published by 
Northern Aluminium Co., Ltd., Banbury, Oxfordshire, from 
whom copies may be obtained. 


rhe Technology of Aluminium by Dr.-Ing. A. von Zeerleder. Crosby 
Lockwood & Son, Ltd. 21s, 


Sheffield Libraries Research Bulletin 
BULLETIN 5, issued by the Sheffield City Libraries, contains 
the third and final part of a select bibliography on the 
production of steel sheet and strip. This final part is con- 
cerned with the testing and inspection of steel sheet and 
strip, and is divided into five parts—specifications, general 
books and periodical references, testing, ageing—grain 
growth —metallography, and boiler-plate and other in- 
dividual products. This Bulletin will be invaluable to 
those readers seeking work on steel sheet and strip, and a 
copy may be obtained from the Central Library, Surrey 
Street, Sheffield, on receipt of 3d. postage. 


- 
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Reviews of Current Literature 


The Technology of Magnesium and its 
Alloys 


AGNESIUM, like aluminium some years earlier, 
M has lately advanced from the position of being a 

laboratory curiosity to one of vast industrial and 
military importance, with a production running into 
thousands of tons. The attractive feature of magnesium, 
with its low specific gravity of 1-736, gives its alloys a 
potential position of greatly increased importance in the 
future. In general, the mechanical properties of magnesium 
alloys are inferior to those of aluminium. This is largely 
due to the fact that aluminium is ahead of magnesium in 
development, but even so, on a strength/weight basis the 
mechanical properties of magnesium alloys compare 
favourably with corresponding aluminium base alloys, and 
there is little doubt that when more attention has been 
directed to the alloying of magnesium, and to the assimila- 
tion of fabricating technique, its mechanical properties 
will be considerably improved, and its applications more 
widely appreciated. 

A very substantial contribution to this end is the publica- 
tion of this book by Messrs. F. A. Hughes and Co., Ltd., 
and Magnesium Elektron, Ltd. It is a translation in 
English of Magnesium und seine Legierungen, compiled by 
Dr.-Ing. E. N. Adolf Beck, which can be regarded as the 
foremost work on the subject, and the publishers have done 
a real service to British metallurgists and engineers in 
making it available to the English reader. Although 
magnesium was first isolated by Sir Humphrey Davy in 
1808, among the chief pioneers in the development of this 
metal and its alloys are 1.G. Farbenindustrie A.-G., and 
the information given in this book is largely based on the 
large-scale processes developed by that firm. 

The importance of magnesium for the aircraft industry 
has led to an enormous expansion of output to meet our 
war requirements, and this advance has emphasised the 
need for increased and more widespread technical know- 
ledge to facilitate the working and fabricating of suitable 
alloys. Many metallurgists and engineers, due to con- 
centration on war work, are working on magnesium and 
its alloys for the first time, and consequently are liable to 
encounter difficulties ; in such cases this book will prove 
invaluable, because of the comprehensive way in which the 
subject is covered. 

The arrangement of the text is admirable for reference 
purposes ; the first chapter deals with raw materials and 
production, and is classified under five headings : historical, 
occurrence of magnesium and preparation of raw materials, 
the production of magnesium by electrolysis, the thermal 
production of magnesium, and future prospects. The 
quest for economic methods of production are bound to 
persist, but the thermal and electrolytic methods possess 
great possibilities which are calculated appreciably to 
promote the utilisation of magnesium alloys. 

The physical properties of magnesium single crystals are 
studied in the second chapter; this is of fundamental 
importance to a full understanding of the properties and, 
technical processing of the metal. The anisotropy of a 
single crystal, the mechanism of its deformation, and work- 
hardening characteristics are discussed. It is possible to 
deduce, from the properties of the single crystal not only 
the processes involved in plastic deformation causing 
crystal alignment, and the properties of a preferentially 
oriented aggregate, but also maximum properties 
achievable. Thus, in the case of hexagonal magnesium, 
for instance, knowledge of a single crystal has afforded 
the technician valuable hints for adopting the commercial 
processes to the peculiar nature of the metal and for 
improving the quality of the resultant material. 

rhe metallography of magnesium and its alloys is pre- 
seated in Chapter III under four main headings: Pre- 
piration of polished sections, structure of magnesium 
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binary alloys, and ternary alloys. The preparation of 
sections for both micro- and macroscopic examination is 
considered. The impurities usually present in commercial 
magnesium may include aluminium, calcium, iron, man- 
ganese, phosphorus and silicon, but as the total percentage 
is very small it is not easy to identify individual impurities. 
The binary systems include those in which magnesium is 
alloyed with silver, aluminium, gold, barium, bismuth, 
calcium, cadmium, cerium, copper, gallium, mercury, 
indium, lithium, nickel, lead, antimony, silicon, tin, zinc, 
and several other elements. They are arranged alpha- 
betically while ternary alloys, which are next considered, 
are arranged similarly, according to the symbols of their 
second and third constituents. 

Physical properties are considered under eight headings, 
and embrace the physical constants of pure magnesium, 
recrystallisation, volume, thermal properties, electrical 
properties, magnetic properties, reflection, and electro- 
chemical properties. In the case of mechanical properties, 
which are discussed in Chapter V, laboratory reports of 
most of the commonly used magnesium alloys are so 
numerous that a selection has been possible, and these are 
dealt with at considerable length. Mechanical properties 
at normal temperature considered are tensile, compression, 
bending and shear stresses ; strength of components under 
tensile loading; creep and fatigue strength. Tensile 
stress and elongation, impact strength, and fatigue strength 
at low temperature are also discussed, as also are the 
mechanical properties at elevated temperatures. 

A chapter is given on chemical behaviour, corrosion and 
surface protection, in which testing methods are described 
and several aspects of the subject are discussed, including 
methods for improving corrosion behaviour ; effect of the 
alloying constituents: the chemical behaviour of 
magnesium and magnesium-rich alloys ; surface protection ; 
and structural methods of insulation. 

The remaining chapters are largely devoted to the 
working and fabrication of magnesium and its alloys, and 
concern melting and casting technique; the principal 
‘asting characteristics of magnesium alloys and_ their 
significance for the foundry ; and the production of sand 
castings in magnesium alloys. The technique of die-casting 
is considered separately, as also is the technique of pressure 
die-casting. Considerable attention is, in fact, devoted to 
the latter, and a wide range of applications for magnesium 
alloy pressure die-castings is given. 

Extrusion, forging and rolling techniques are presented 
very thoroughly, and particular attention is devoted to the 
machining of these alloys, even to the main machining 
operations of turning, milling, drilling, reaming, sawing, 
filing, grinding, etc. It is shown that magnesium alloy 
components can be machined with a greater economy in 
power and time than other metals, including aluminium, 
the extent of economy depending on the number of high- 
speed machines available. 

A chapter is devoted to principles of design, correct 
workshop practice, and practical examples. After dealing 
with fundamental considerations, attention is directed to 
castings, to structural parts composed of sections and 
forgings, to design in relation to corrosion, and to the 
assembly of magnesium alloys. In the latter, riveting, 
screw connections, and welding are discussed, while part 
of this chapter is divided to applications of magnesium as a 
constructional material. 

Magnesium as an alloying element; its use in pyro- 
technics and thermo-chemistry; and its economic 
importance, provide other interesting and informative 
chapters ; while the chemical analysis of magnesium and 
its alloys precedes the final chapter, which summarises 
patent specifications covering the production, fabrication, 
and utilisation of magnesium and its alloys. 

This brief outline gives some idea of the comprehensive 
character of this work and its practical value to all who are 
associated with magnesium and its alloys cannot be over- 
estimated. As the translators point out in their preface, 
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the matter of the book is open to criticism, but despite this 
and the difficulties of translating such a work, the defects 
are of minor consequence in comparison with the value of 
the book as a whole. The translators are certainly to be 
congratulated upo. their handling of the German original, 
while the publishers deserve the thanks of all workers in 
magnesium for an exceedingly useful and admirably 
produced book. 
Compiled by De.-lng. E. N. Adolf Beck, translated by 
Mr. L. H. Tripp and his colleagues, and published by 
F. A. Hughes and Co., Ltd., Abbey House, N.W. 1. 
Price 30s, net. 


Institute of Metals 


Tue thirty-third annual general meeting of the Institute 
of Metals was held at Grosvenor Gardens, London, S.W. 1, 
on March 5. The meeting was of a formal character, and 
was mainly concerned with the business side of the Institute, 
including the report of Council, Treasurer’s report and 
statement of accounts, 
May Lecture 

The annual May lecture will be delivered at Oxford, on 
May 28, by Dr. F. E. Simon, Reader in Thermo-dynamiecs 
at Oxford University. He will deal with his own experi- 
mental work in the last few years; this has been chiefly 
concerned with the investigations of the properties of 
matter at the very lowest temperatures. 


An X-Ray Investigation of the Aluminium 
Cobalt-Iron System 


AN investigation of the cobalt-iron-rich portion of the 
aluminium-cobalt-iron ternary system is reported by Olive 
S. Edwards.* Alloys of this system with less than 50 
atomic °,, of aluminium, as quenched from 800° C., have 
been investigated by means of X-rays. The diagram 
obtained shows a small face-centred cubic phase-field a, 
including pure cobilt, an extensive body-centred cubic 
phase-field 8, including pure iron and a two-phase field 
between them. 

In the 8-phase-field, examination of the main super- 
lattice by photometry of the films has shown that, for three 
component alloys with less than 50 atomic °, aluminium, 
the cobalt atoms always “ oppose” the aluminium atoms 
as far as possible in the body-centred cubic lattice. 

In the two-phase region the conditions for the appear- 
ance of an unexplained second face-centred cubic phase a! 
were examined, The determination of the tie-lines in this 
region was also attempted ; it was complicated by spacing 
variations in the two-phase regions of the binary alloys, and 
by the presence of the a! phase. 

The original intention of this work was to determine the 
phase boundaries at several different temperatures, but the 
problems which arose suggested that unknown factors 
might be affecting the equilibrium ; attention was therefore 
directed to these problems. In the difficulty of attaining 
equilibrium, the ternary system resembles other ternary 
systems containing the transition elements, the most 
remarkable case being that of iron-nickel. Moreover, it is 
always found to be very difficult to produce pure cobalt 
itself as a single phase. It is probable that all these 
problems are inter-related and that a solution of one may 
explain the others. 

; 14h, Part IL, 67, pp., 67-77. 
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The owners of British Patent No. 471007 relating to 
** Method and Apparatus for heat-treating Ingots "’ are 
| desirous of entering into negotiations for the grant of 
| licences or otherwise, under suitable terms, for the | 
ye of exploiting the invention in this country. 
or particular, arply to ARTHUR SADLER & SON, 

| 26, PILKINGTON AVENUE, WYLDE GREEN, SUTTON 

|  COLDFIELD, WARWICKSHIRE. 
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Reactions of High-Iron Manganese Melts 
| = reactions of high-iron manganese melts to iron 


oxides, iron sulphides, and silicates, at from 1,300° 

to 1,400°C., the final contents of the iron melts 
and of the slags are reported by Oelsen,* and the relations 
between these contents are shown as a result of laboratory 
experiments on the production of high manganese slags. 
The compositions of the slags are determined according to 
the final manganese contents of the iron. As long as it 
was above about 1°,, manganese the slags consisted, to an 
overwhelming extent, of manganese sulphide and man- 
ganous oxide, and contained very little ferrous oxide and 
ferrous sulphide; thus the slags could be used (after 
roasting) for the production of high ferro manganese. The 
sulphur contents of the iron melts after the reaction were 
determined by the remainder of iron in the slag; they 
increase nearly proportionally to it; with the sulphide 
monoxide slags of about 50°, sulphide contents, and with 
certain manganese contents, they were much lower, at 
1,350° C., than the sulphur contents obtainable at this 
temperature by the desulphurisation of pig iron with 
manganese alone, by precipitating manganese sulphide 
crystals; at these temperatures the oxide-sulphide slags 
are nearly saturated with manganese sulphide crystals. 

If silica enters into the slags of about equal sulphide and 
monoxide contents, over low manganese iron melts (man- 
ganese contents <1°,), considerable quantities of sulphur 
are taken up by the iron. In these cases the slag tends to 
separate into one layer of high sulphide and one layer of 
high silica contents, but before the formation of the former 
is possible, the greater part of the sulphur is absorbed by 
the iron. On the other hand, the sulphur contents of iron 
melts, in which the manganese content is greater than 1°,, 
change very little under slags of high manganese content 
if the silica contents of the slag increase; those slags 
containing about equal MuO and Mu’S are nearly saturated 
by manganese sulphide crystals, and the increase of silica 
contents has only the effect of precipitating these crystals. 

If the sulphur and silica contents of the slag are so 
balanced that the slag is fluid at 1,350° to 1,400° C., the 
sulphur contents of the iron decreases considerably, corre- 
sponding to the smaller share of sulphide in the slag. 

Slags of high manganese contents, 50 to 58°,, with 22 to 
28°, SiO,, are very fluid at temperatures from 1,350° to 
1400° C.; thus the oxidation of the manganese of the 
spiegel iron could also be carried out by iron oxides alone 
and without sulphides. That is of special importance with 
spiegel iron of high silicon content, since, in regard to the 
reduction of manganese, it forms the end of the blast- 
furnace work. In the case of spiegel iron of lower silicon 
contents, if the silica is not sufficient to liquify the man- 
ganous oxide the manganese can be oxidised by iron 
manganese ores containing silicon, the manganese of which 
remains in the slag, while their iron is replaced by the 
manganese of the spiegel. 

Considerable quantities of phosphorus go into the slag 
if the manganese of the phosphorus-spiegel is oxidised by 
iron oxide and iron sulphide ; but the phosphorus contents 
of the slag decreases very quickly if the final manganese 
contents of the iron increases. High contents of sulphur 
and silica checked the phosphorus oxidation. The output 
of slag of high manganese content, and especially the ratio 
Mn : Fe became more favourable if the manganese was 
oxidised in stages, which prevented too much phosphorus 
going into the slag. During the experiments other oxidising 
compounds were tried with varying results. 

~® Willy Oelsen. Communication from Kaiser-Wilhelm Institut fiir Eisenforschung 

zu Diisseldorf, vol. xxi, No. 5, 


DvRtNG recent months various alterations have been made 
to the range of Rawlbolts. A new reference chart is now 
available which brings the range completely up to date, and 
as the Rawlbolt is becoming very popular in speeding-up 
war production, those interested can obtain copies of the 
reference chart from the Rawlplug Co., Ltd., Rawlplug 
House, Cromwell Road, London, 8.W. 7. 
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